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ROLE OF THE PHYSICIAN IN LABOR RELATIONS 


B. A. LINDBERG 
ALLSTON, MASS. 


HAT IS the meaning of “labor relations”? For the purposes of this paper I 

shall define it as including all interpersonal relationships which ordinarily or 
normally occur in an industrial environment wherein the employees of the specific 
establishment are represented by a unit of organized labor. In other words, I shall 
presume in this paper to examine the role of a physician in a business establishment 
in which a union organization is active in matters dealing with “wages, hours, and 
conditions of work.” This last phrase, which is a direct quote from the Labor- 
Management Relations Act of 1947 and:from prior acts dealing with labor relations, 
should be of special interest to physicians, because the National Labor Relations 
Board has ruled that health services provided by employers for employees (through 
group-insurance plans) come under the scope of this law. In addition, in some states 
the relationship between employer and employees is further governed by state laws 
dealing with nonoccupational sicknesses and accidents. 

Given this contemporary situation, perhaps we ought to review briefly the history 
and some of the functions of organized labor. It is sometimes suggested that organ- 
ized labor is a relatively recent phenomenon on the Usarian scene. Such is emphati- 
cally not the case. As a matter of fact, the first labor union on this continent was 
formed in the City of Brotherly Love in 1759, a century before Darwin published 
his theory of evolution. In other words, the union movement antedates the formation 
of the United States government by some 17 years. Like every other organization 
of human beings, the union movement has experimented with many forms of organi- 
zational structures. If we should care to examine the current forms of union 
organizations, I believe that we can find one or more examples of every kind of 
organizational structure that has been tried up to this time. As a result we really do 
not have a labor movement, but rather here in the United States we have labor 
movements—with the emphasis strictly on the plural. This observable and verifiable 
fact is contrary to the experiences in many foreign countries, where the tendency 
has been toward much more “solidarity,” centralization of authority, and uniformity 
of goals. The Usarian labor movements, on the other hand, tend in my opinion to 
be more pragmatic in their philosophy, to be less dependent on the direction from 
a centralized authority, and to have extremely diverse objectives. Personally, I hope 
that this situation will prevail in the future, because I believe it helps to lead to the 
establishment of a social structure that is more amenable to adaptation to changes. 


Prof. Lindberg is Associate Professor of Business Administration, Harvard University. 
This paper was presented before the Symposium on Industrial Medicine, Harvard School 
of Public Health, April 4, 1953. 
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And I believe that the medical profession can make a major contribution in the 
direction of developing a climate of relationships that will encourage further decen- 
tralization of authority in the future. 

But let us return to the functions of the labor movements. What are these 
functions? By law they pertain to anything connected with “hours, wages, and work- 
ing conditions.” How are these functions performed? Typically the frame of refer- 
ence is established through the negotiations of a company-union agreement. The 
day-to-day administration of the contents embraced by the terms of the agreement 
has usually been performed by the management of the specific firm involved, with 
the union performing a “policing” or reviewing function. In other words, one of the 
functions of a union has typically been to “find faults” or, perhaps better stated, to 
question, review, challenge, and at times oppose managerial actions and decisions. 
It is important for management people to recognize this simple fact. The mere recog- 
nition of such facts might facilitate adjustment to changed conditions and make the 
day-to-day administration of the company-union agreement easier and more satisfy- 
ing to managerial personnel. It is likewise important for a physician in industry to 
recognize this state of affairs and to adjust himself accordingly. 

Often company-union agreements contain provisions that cover areas in which 
the physician functions. For example, medical examinations and health certificates 
are at times required as a condition of employment for some employees. Sometimes 
the medical examination may be required of applicants for employment only ; in other 
situations the examination may be required periodically as a condition of continued 
employment. This is especially true in industries involving the processing, prepara- 
tion, or distribution of foods and in the transportation industry. In some hazardous 
occupations the employers frequently require medical examinations of all employees 
in such jobs. Sometimes an employer may require a worker who has been absent 
to take a medical examination upon the worker’s return to work. Some employers 
require a health examination of workers who are chronic absentees. 

Sometimes the very personnel practices of the employer may be a source of frus- 
tration to the industrial physician. In the so-called process industries, such as steel 
making, chemicals manufacturing, milling, and oil refining, the “labor pool” is often 
a uniform characteristic. What is a labor pool? It is a term which describes a 
personnel practice in which a worker is employed not for a specific job but as an 
available “call-in.” In other words, the worker is shifted from job to job and from 
shift to shift depending upon the needs of the moment. For instance, one day he 
may be working out in the yard unloading bricks in the morning and chipping scale 
from the inside of a boiler drum in the afternoon. The next day he may be attending 
a high-speed wrapping machine in the morning and cleaning the inside of a tank car 
for chemicals with a steam hose in the afternoon. Thus, during a week he may have 
been working on 10 or more distinct and separate jobs. Obviously, with such an 
arrangement for starting workers on jobs, the selection standards become much 
more demanding than when a worker is hired for a specific job. In the latter case, 
certain physical handicaps may even turn out to be a blessing in disguise. Therefore, 
it is my opinion that given the personnel practice of hiring for a labor pool the 
physician in such a firm may expect more friction with the union. Furthermore, 
unless safety rules are observed and training functions are adequately performed 
with labor-pool personnel, the physician may also expect a higher incidence of office 
visits, a higher accident frequency rate, and a higher accident severity rate. 
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Sometimes the restrictions established by insurance companies may be a source 
of frustration to the physician in industry. Group-insurance and pension-plan quali- 
fications occasionally may compel him to disqualify an applicant. The incidence on 
this score, however, is probably not too high. During World War II, I found during 
exit interviews that a few workers deliberately moved from company to company 
in order to qualify for group insurance. As soon as they left a company, they invoked 
the 30-day option clause, and in that way they were able to build up an insurance 
protection which otherwise might have been impossible. 

Sometimes the mores of the union may be a source of frustration to the physician 
in industry. One of the most cherished concepts of many unions is the concept of 
seniority. In many respects this concept is akin to the concept of a property right. 
The idea is that a worker with seniority has an investment in his particular occupa- 
tional specialty and that this investment usually increases in value with age. Occa- 
sionally the worker may come to the company physician for a medical examination. 
Perhaps the physician finds an ailment, and he then “advises” the worker to change 
occupations. The worker says that he will “think it over,” and the physician naturally 
reports the matter to the company. The next step often results in an “order” from 
a line supervisor that the worker “must” change his occupation. And then the fat 
is in the fire, so to speak! As another example, take the recent case of an epileptic 
worker in a shoe factory. She was working around moving machinery. The company 
physician advised transfer to a nonmachine job. Such a transfer was possible, except 
that it would infringe on the seniority status of another worker. This worker and 
the union representative were both reluctant to accept the infringement on seniority. 
Hence the employer was confronted with the choice of either discharging the epileptic 
employee or keeping her on her present job. The situation was eventually resolved 
when the personnel director talked with the young woman’s husband and persuaded 
him to ask his wife to resign from employment with the company. 

Since one of the functions of a union is to review management actions, it is 
obvious that the decisions of the industrial physician may often become a fruitful 
field of controversy. As a protection against possible discrimination and disqualifica- 
tion from work when the employer has qualifying medical examinations, the unions 
usually insist on some sort of appeal procedure. Typically, such an appeal may be 
arranged through the worker’s own private physician, through the offices of a 
neutral physician, through the normal grievance procedure, or through any of several 
combinations of these procedures. It is my impression that in specific cases the 
reports of the company physician usually are made available to the worker’s private 
physician. 

Thus there are several potential conflict areas in labor relations in which the 
physician in industry may expect to be involved. Perhaps the physician should 
participate in the negotiation of the specific terms of the management-union agree- 
ment that are apt to have a bearing on medical and health matters. My impression 
is that this is not frequently done. At any rate, in the regular practice of his work the 
industrial physician may expect occasionally to be challenged when he orders a man 
transferred to a different job. This is especially apt to happen when the man himself 
does not want to transfer, when his pay rate is adversely affected by the transfer, 
or when the transfer results in the loss of a member to the union concerned. Like- 
wise, the physician in industry may expect to be challenged when he orders a man 
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to take time off, to retire, or to move to a different climate. In view of this state of 
affairs, it is therefore not at all astonishing to find that such a physician often is 
looked upon with suspicion. 

As one union organizer recently expressed it to me: 


We consider the company doctor to be a direct agent of the employer, and as such we expect 
him to shape his diagnosis to suit the nonmedical needs of his boss. Then, too, we know from 
bitter experience that the doctors stick together, and usually they don’t like unions. And that 
is in spite of the fact that they have the strongest union in the country. Of course, they don’t 
call it a union, but that is what the American Medical Association really is. 


Perhaps such attitudes account in part for the feeling of frustration that I often 
have found on the part of an aggrieved employee who sometimes seems to feel that 
all the forces of authority are conspiring against him. 

Perhaps such attitudes account for a clause in one management-union agreement, 
which reads as follows: 


There shall be no doctor’s physical examination nor age limit, except as required by law. 
Unless required by law, no employee shall be compelled to pay hosiptal or insurance fees in the 
course of employment or as a condition to secure employment. 


I hasten to add that this clause did not emanate from an organization whose 
members were motivated by the concepts of Christian Science. 

Given such an environment in which to perform his work, you may ask, “What 
can a physician in industry do to deal effectively with this situation?” I submit that 
he can do several things. 

1. The physician needs to recognize his own position in the organizational jungle 
of which he is a part. Organizationally he is a part of management. To the worker 
he will probably most of the time represent management. Yet the physician performs 
this function of representing management in a unique way. The worker will meet 
with many other representatives of management. It is only when he meets with the 
physician, however, that he immediately can be aware of a difference. He senses 
that for once the attention can be focused on him as a person: It is his temperature, 
his pulse, his feelings, his value judgments, his flicker-fusion test, his cardiogram, 
his x-ray, his visual perceptions, his emotions that get attention. Here is the golden 
opportunity for the company physician to establish a relationship of mutual confi- 
dence and respect with the individual worker, because he is concerned with the 
worker as a patient. 

2. The physician needs to cultivate contacts with his associates in management, 
especially the foremen. This should be relatively easy, since he can serve the foreman 
in his professional capacity on a personal basis and can help him better to understand 
the human frailties of the workers who report to him. 

3. The physician needs to remember that his education and training often tend 
to develop in him what by business standards would be called an autocratic attitude. 
The unions were in part evolved as a counterwailing force against such attitudes 
on the part of business and industrial administrators. 

4. The physician needs to remember that effective communications, i. e., the 
ability to share his ideas with his fellow men, is one of the most difficult arts in this 
world of ours. Hence he might well proceed on the general assumption that he will 
always be misunderstood, that is, if people listen to him in the first place. 
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5. The physician might reconsider his position in the organizational pattern of 
industry. Does he serve his follow citizens best as a direct employee of management ? 
Are there other channels through which the functions of industrial medicine might 
be even more effectively performed? What useful and suggestive experiments have 
been conducted in this field? How can other organizational relationships best be 
evolved? These are a few questions to which the physician in industry might well 
address himself during this present revolutionary period in human relationships. 


Finally, the physician needs to recognize that medicine is now emerging from 
the mumbo-jumbo stage camouflaged with Latin names designed to mystify the 
patient. The tendency rather is to share with the patient the pertinent factors involved 
in his very personal situation. In other words, the tendency is to help the patient 
to appreciate and perhaps better understand his own personal situation. It is trite 
nowadays to state that there is needed as much applied progress in the social sciences 
as there has been in the physical sciences. This is going on, and perhaps we do not 
fully realize it. One thing is certain, however, and that is that the deification of the 
physician, as practiced by the advertising copy writers and the medical detailers of 
the pharmaceutical fraternity, is unrealistic and obsolete. 

It is stated that “no priesthood ever reformed itself.” I am reminded of that 
when | think about the art of medicine and how it has benefited from the sciences 
of physics, chemistry, and biology. It was the physicist, Roentgen, who discovered 
x-rays and thereby opened up new horizons for medicine. Likewise, the chemists— 
Ehrlich and his “606,” Domagk and his sulfa, Fleming and his penicillin, along with 
Pasteur and Florey—opened up the whole field of chemotherapy. And finally there 
was the botanist, Mendel, an obscure monk whose laws of heredity led to modern 
cellular pathology. These scientists—all nonmedicos—contributed new concepts, 
new horizons, literally new worlds of knowledge useful to the art of medicine. 
I hope that the integration of the social sciences with the science and art of medicine 
will be achieved through physicians. That, it seems to me, is one of the many 
challenges facing the physician in industry today. 


CHALLENGE OF INDUSTRY TO THE MEDICAL PROFESSION 


WILLIAM H. SEYMOUR 
BOSTON 


AM DELIGHTED to be able to discuss with you, gentlemen, a subject that 

has been very close to my heart for a long time, namely, what medicine can do 
to help industry. For quite a while I have had the idea that the medical profession 
has a great challenge and a great opportunity to serve industry better, and frankly 
industry needs your help very much. 

My best contribution to a program such as this, I believe, is to talk about the 
“state of the nation” in industry, to outline its medical needs, to discuss some of 
the problems, as a layman sees them, which have hampered progress in the field of 
industrial medicine, and to give you my interpretation of the way these problems 
might be solved. In other words, I plan to talk straight from the shoulder, even 
though I may say some things which will not be popular. 

Now then, just what are the medical needs of industry? The main need, of 
course, is to maintain optimum industrial health, so that the individual worker may 
perform his chosen work most effectively, without harm to himself, and may do 
well from a health standpoint in the environment outside the industry. This is a 
large order; yet, it is one which an increasing social consciousness demands of our 
industrial complex. The time has passed when the man who took a job assumed 
the risk that went with that job. Today and for sometime, industry has been legally 
liable for injuries to its workers and is obliged not only to provide benefits during 
the time lost from work but also to furnish the medical and surgical care that the 
injuries require. In addition, industry is now being called upon to assume part of 
the cost. of nonoccupational accident and sickness under varying contracts of 
insurance. 


To help industry meet these sociolegal obligations, industrial medicine today 
must accommodate itself to the swift advance of modern technology, in which 
engineering design tends to exceed human capacity. It is quite obvious that the 
hazards confronting the operator of high-speed machinery in, let us say, a textile 
mill are far more formidable than those facing the worker on a hand loom. Since 
it is impossible in a competitive economy to slow down the machine, our only 
recourse is to give the employee better protection both from a physical and from a 
medical point of view. Industrial medicine is therefore challenged to maintain the 
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employee in this state of optimum health within a framework of maximum quantity 
and quality production, since the latter are present-day standards by which a 
business succeeds or fails. 

Happily, the aims of medicine and the demands of greater industrial effective- 
ness are not entirely incompatible. The very development of modern technology has 
forced a shift in emphasis from “machine” to “human” maintenance, and it is 
precisely in this “human” field that medicine was born to function. Here is what 
has happened. Industry, as you know, is composed of four basic elements—methods, 
machines and equipment, materials, and men—and the successful plant is one that 
develops the most intelligent combination of these four elements. Because in our 
present industrial system methods, machines, and materials are apt to be so similar 
among competitive industries, the difference in workmen will therefore constitute 
the major variable among comparable plants. Now, if the workman is the major 
variable and he controls the method and the machine, then this workman is the most 
important element in determining the degree of industrial success for the plant. 

For years machine maintenance has been ingrained in industry as sound business 
procedure. Today many companies have also come to realize that a breakdown of 
the man at the machine may tie up production and increase cost just as much as a 
breakdown of the machine itself. And they are also learning that the man who was 
“running below par” for any reason may be just as great an impediment to pro- 
duction as the machine that is running at, say, only 50% of its capacity. In other 
words, they have come to realize that human maintenance is as indispensable to their 
success in competition as is machine maintenance. 

Granting the premise that human maintenance is an industrial “must,” who then 
is to accept the responsibility for that maintenance? It seems to me that the answer 
must inescapably be the physician, aided, of course, by the industrial nurse, the 
health counselor, and other medical personnel. Formerly, the prevention of human 
waste in industry was primarily an engineering problem involving machines and 
methods. Today, however, we have reached a sort of plateau where the old tech- 
niques for improving human effectiveness are showing small return for each dollar 
invested. We, therefore, look now to carrying on where engineering methods leave 
off. The physician moves onto broader fields. He must seek not only to cure the 
results of accidents and illness but also to contribute to their prevention. Let those 
physicians who have looked down upon industrial medicine with suspicion and with 
the thought that it is limited and confining revalue the service opportunities that 
are needed. 

Obviously, to answer this challenge, to answer this need, the industrial physician 
needs to summon to his aid all the facilities of a well-rounded medical program: 
preplacement and periodic examinations; treatment of occupational injuries and 
disease ; first aid for nonoccupational conditions ; health counseling and health edu- 
cation, and plant sanitation and hygiene. Beyond these he must set his sights not 
alone on the physical but also on the emotional well-being of his charges. Industrial 
medicine today is becoming increasingly aware that the industrial worker, moving 
in our present technology system and in a tense, intricate, and shifting society, many 
times needs just as much attention to his emotional problems as to his fleshly 
ailments. Both bear equally on his effectiveness. A physically sick man is more apt 
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to have an accident and do less work. A man worrying about a home situation will 
be less attentive to his job. A man with any anxiety state is less than a whole man 
and cannot make his optimum contribution. 

But here let me introduce a word of caution. There is a very real danger that 
the medical profession, faced with a problem having so many facets, will be tempted 
to come up with a blanket solution to cover every contingency. I refer to such 
convenient panaceas as complete medical examinations, physical and psychological, 
for all employees. Such an approach, to start with, is much too pat and far too 
impractical. You may end up in a somewhat untenable position of examining the 
hands of foot-treadle operators, the feet of manual workers, and the muscular 
reflexes of office clerks. I feel that such a blanket approach will be doomed to 
failure and that you must plan a program that is directly slanted at the particular 
need of a particular industry. 

The needs of any particular plant rest upon a variety of factors—size and type 
of industry, its location, community facilities, caliber of local practitioners, percentage 
of older employees, percentage of women, toxic exposures and accident hazards in 
the plant, absenteeism rate, production problems relating to health, type and 
frequency of lost-time accidents, rehabilitation problem, and a number of similar 
factors. To cite an example, let us look at the needs of Plant A, which employs about 
900 men in the manufacture of boilers, as compared with Plant B, which manu- 
factures cosmetics and employs about 900 workers of whom 75% are women. Most 
certainly a package plan for one of these plants would not fit the other. In the boiler 
plant, where the chief medical problem is trauma, there is necessity for a well- 
trained traumatic surgeon and for a fully equipped first-aid room, with special 
devices to assist in minor surgery and rehabilitation. Since the workers are highly 
skilled, their rehabilitation after injury is a primary concern to management. 

In Plant B, on the other hand, the chief interference with production comes from 
excessive labor turnover and absenteeism. This plant, therefore, needs the supportive 
or counseling type of medical care, with emphasis on health education and health 
maintenance. These plants represent the two extremes, between which the medical 
needs of industrial establishmients vary. 


At the risk of repetition, let me emphasize that any medical program that is not 
geared to the specific needs of a particular plant will operate at only partial efficiency, 
and this partial efficiency will lead to criticism of medical values. Take, for instance, 
a plant I have in mind which employs 1,500 persons and is spending many thousands 
of dollars a year on a medical program. This happens to be a finishing and dyeing 
plant. The medical department has a well-rounded program, you might say; yet 
nothing in its program is directed toward improving their particular problem of 
back strains among the older workers. Actually, any medical program in this plant 
to be worth while must attack this back strain trouble on a control-of-cost basis and, 
more particularly, on a preventive basis. 

Speaking of preventive measures, I should like to suggest that before a physician 
can make his maximum contribution to the health of a worker he must be familiar 
with what goes on inside the plant. He must be willing to spend the time necessary 
to gain the in-plant experience which will help him treat the ailing employee in direct 
relation to his job situation. He must know whether any toxic materials are used, 
what the man’s foreman is like, how the man reacts to his job. He should be 
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acquainted with the people inside the plant—the team of industrial nurses, hygienists, 
engineers, and management—whose on-the-spot know-how is as invaluable as 
his own. 


The community physician with in-plant experience has an immense advantage, 
for he is in a position to recommend job adjustments which may do much more for 
the man than medicine. Let me illustrate. An ailing older worker was bringing his 
elbow up above the shoulder level in a twisted position. When a simple fixture was 
devised that held the part vertically and permitted him to put in the screws with his 
elbow at his side, the excess strain on his shoulder was relieved, the pain in his 
shoulder subsided, and his output increased. No medicine or treatment could have 
accomplished that. Yet it was very simple for management to make the job adjust- 
ment that did accomplish it. Without belaboring the obvious value of preventive 
medicine in industry, I should like to illustrate the difference, as I see it, between 
preventive and curative measures. Take the case of a man who has been rescued 
from drowning. The preventive approach is to teach him to swim; the curative 
measure is to throw him back in the water again to drown or to be rescued. 

Considering another example of the preventive opportunity of a physician with 
in-plant knowledge, I have in mind a-large plant employing 15,000 persons, which 
was favored with the part-time services of about 30 physicians and had two hospitals 
available. Yet the record showed that the morbidity among the employees was about 
twice as high as the national average, in spite of the fact that their medical oppor- 
tunities were far greater than those of the average plant community. There was 
one important thing wrong here: None of these physicians had in-plant knowledge. 
When this service was introduced, it was found that 500 of these workers, or 3%, 
were responsible for 40% of the morbidity. Upon studying these cases, it was 
found that about 280 of the workers had problems which would respond to pre- 
ventive types of medical treatment. When this approach was tried, the excessive 
morbidity was brought into line. 

While specific occupational problems always yield most easily to the individual 
approach, we still cannot overlook certain large-scale, over-all problems that chal- 
lenge the industrial physician. One of these is the relatively new and experimental 
field of geriatrics. The increasing concern of in-plant medical service with how to 
prolong the productive span of company employees over a gerater period of years 
is a part of the pattern of our changing times. People used to die at a “ripe old age” 
of 45. Today the life expectancy of men is in the late 60’s, and in the early 70's for 
women, which means that people work longer even though they may not be as agile 
and their reflexes may not be as good. The problem of how to keep them working 
at optimum effectiveness during those very years when their skills are most fully 
developed is vitally important to management, and industrial medicine can make 
an outstanding contribution to the solution of this problem. 

Also, of increasing concern to industrial medicine today are the employee's off- 
the-job environment and emotional status. We used to think that a man’s job was 
always the basic cause of injury. Now we know that is not always so. When we hire 
a man, we are hiring the “whole man.”” We are not hiring this man for just 8 hours 
a day ; he works in the plant for 8 hours, but everything that happens to him during 
the remaining 16 hours affects everything that goes on during those 8 hours. They 
used to say, “A man brings his wife to work with him,” and vice versa, “A man 
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brings his work home with him.” Apparently these statements are both still true. 
You physicians use a term “psychosomatic medicine” which indicates the modern 
medical approach to the evaluation and treatment of the whole man. By this term 
I take it to mean that you can no more treat a stomach ulcer apart from a man’s 
energy drives and mental tensions than you can separate an emotional induced 
stomach disorder from the much-maligned mother-in-law who might well be the 
cause of it. We all know of persons who are not satisfied with their jobs and take 
their irritations and frustrations home to their families. We also know of persons 
who do not do their best on the job and have become accident-prone because the 
home situation is unsatisfactory. 

Now, I know that if I tell you that this off-the-job situation and the mental 
tensions and frustrations it creates are part of the responsibility of industrial 
medicine, some of you will throw up your hands and say I am expecting the 
impossible. Yet I still insist that the plant physician, through his intimate relation- 
ship with the individual worker, can be of substantial help in uprooting the deep- 
seated emotional problems under which many employees labor. Perhaps an illus- 
tration will serve to drive my point home. We used to think that most accidents 
came toward the end of the day, when men were tired from their occupational work. 
The facts are, however, that there are more accidents in the early hours of the 
working day. In over-the-road trucking, for instance, the frequency is not higher 
toward the end of the run; it is actually greater in the first two hours. Now, I 
cannot prove this, but I am forced to believe that this situation reflects the man’s 
lack of adjustment from his personal to his working life. You might say it another 
way: Industry has done such a good job in improving the mechanics and methods 


which used to be the cause of accidents that human failure is now the primary 
cause of high frequency. I don’t know whether anything can be done to correct 
this situation or not, but if anyone is to do anything about it, it will have to be the 
physician. 


Unfortunately, the development of in-plant medical programs with a preventive 
orientation has been retarded by a general lack of management enthusiasm in many 
quarters. This apathetic attitude toward industrial medicine which prevailed until 
recently is clearly reflected in the educational facilities in the field. Not only does 
there exist in medical schools a paucity of courses aimed at the requirements of 
industry, but such of these as are available are too frequently geared to yesterday 
instead of tomorrow. I believe, however, that the educational picture is improving 
with the increasing understanding of the benefits of in-plant medicine. More schools 
are adding industrial medicine to undergraduate teaching, and more postgraduate 
courses are being developed. We find too that various medical societies and industrial 
groups are holding seminars to popularize and teach these subjects. I feel there- 
fore that our educational system is in a position to expand the moment that sources 
of resistance to industrial medicine are overcome and a demand makes itself felt. 
I believe also that, as this demand gains momentum, we shall find that industrial 
medicine will offer greater incentives, both in terms of financial rewards and in 
terms of prestige. 

I think, though, that the medical profession itself must share some of the blame 
for the “lag” in industrial medicine. Too few general practitioners have been 
interested in it or seem to want to have anything to do with it. In some instances 
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physicians themselves have been a deterrent in setting up in-plant medical service. 
Yet if preventive medicine is so important to industry and to the nation, then the 
general practitioner must associate himself with it. 

To revert to managerial resistance to industrial medicine, it will not, of course, 
vanish overnight. I believe one of the major stumbling blocks here is the desire 
of management to see proved evidence of every dollar that it will get back from the 
dollars invested in a medical program. Actually there are many intangible assets 
to an in-plant medical program that cannot be measured in dollars and cents. 
Human benefits are not always assessable. 

Whatever form the resistance of management takes, I am convinced that it is 
not too serious. In the effort to break down this resistance, you of the medical 
profession are the salesmen. Let me stress again that much depends upon the 
offering of a practical, workable program. Let me enjoin you against the neat, 
packaged approach, such as is exemplified by medical examination of all employees 
on an indiscriminate basis. Bear in mind always that Manager Jones is not moving 
in a vacuum and he is not looking for panaceas. Manager Jones has certain concrete 
problems on his hands, and he wants to know what you physicians can do about 
them. For instance, Jones may be worried because a lot of employees in his plant 
are losing time with back strains. Now, it may be that these same employees have 
a lot of other things wrong with them—poor eyesight, deficient hearing, bad feet, 
or a hundred other ailments. Probably all these matters should be attended to. 
But what is worrying Manager Jones at this precise moment is a back problem. If 
you come up with a solution to that difficulty, you are offering something that Jones 
is willing to buy. Then, when he has bought that, he may be in a mood to listen to 
further suggestions from you. 

In your efforts to expand and improve industrial medicine, you have strong 
allies. For one thing, you have the social conscience of our age, which increasingly 
holds that management should bear, at least in part, the cost of employee sickness 
and injury, both on and off the job. You must keep always in mind, though, that 
management, having assumed part of this cost, is not satisfied to pay and pay 
without any effort to control the cost. Years ago when compensation became a part 
of production costs, management did something about it. Industrial accident fre- 
quency today is but a fraction of what it was in 1912. Today the situation is 
somewhat the same as regards nonindustrial morbidity. Industry wants a control 
over these costs—a control that the medical profession can give. 


Looking beyond management, you have the support of the employees themselves. 
Since the medical department represents neither management nor labor, employees 
find it a neutral zone where they are treated as persons rather than as fragments of 
a collective-bargaining unit. When a worker comes to the medical department, he 
is either sick or hurt or scared, and he is trying to avoid being disabled. Now, 
when he is treated as a person, with sympathy and concern, he invariably translates 
such treatment into these words, “I guess management does care about what 
happens to me.” In other words, to the worker the medical unit in the plant is 
tangible evidence of the interest of management in his welfare. And progressive 
employers are beginning to realize the contribution which the medical department 
can make for smoother employee relations. 
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I trust that I have painted the field of present-day industrial medicine in the 
bright colors in which I envision it—a broad panorama containing vistas of oppor- 
tunity for service. We have come a long way from those earlier days when manage- 
ment had to look hard for a few pioneering physicians who would enter their 
industries and develop medical programs and when even those pioneers were looked 
down upon by many physicians who felt that the care of the injured belonged 
exclusively to the private practitioner. 

Industrial medicine has grown, and it has grown because the changing social 
trend created a specific demand and need for it and because management in most 
cases came to see its intrinsic value in terms of productivity. It should soon be 
generally recognized as a specialty within the field of medicine. Industrial medicine 
encompasses all the aspects of medicine that relate to industry. It includes, in 
addition to prevention, diagnosis and treatment of industrial injuries and occu- 
pational disease, industrial hygiene and toxicology, mental hygiene, industrial 
sanitation, legal medicine, administration, employee relations, and health education. 
The field is broad and deep enough to provide a tremendous challenge to the talent 
and ingenuity of the medical profession. 
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HE BIOLOGIC assay of piezoelectric substances described in this paper was 

undertaken to test the theory proposed by Velicogna ' and also by Evans? that 
the fibrogenic property of certain dusts is dependent upon the phenomenon of piezo- 
electricity. In a preliminary report * Evans states that the ability of exogenous dust 
to produce certain tissue responses can be correlated directly with the molecular 
asymmetry and piezoelectric activity of the crystalline components of the dust. The 
theory was restated in a later report by Evans and Zeit,’ in which they envision a 
relationship between piezoelectric activity and the pathologic conditions accompany- 
ing tuberculosis, silicosis, cancer, Boeck’s sarcoid, and other granulomas. In that 
report it is affirmed that piezoelectric substances, including tourmaline, barium 
titanate, and synthetic berlinite, will uniformly produce proliferative fibrous tissue 
reactions when introduced into animals as finely divided dust. 


Piezoelectricity is defined by Cady * as an electric polarization produced by 
mechanical strain, and it occurs in most crystals which lack a center of symmetry. 
Those crystals when subjected to mechanical strain may be thought of as being in 
a state of molecular imbalance, and the electric polarization which results from the 
strain may be regarded as an expression of the imbalance. Theoretically, all crystals 
which lack a center of symmetry are piezoelectric, but the magnitude of the response 
may in many cases be of a very low order. In certain crystals the property is well 
marked and is of practical importance. The piezoelectric phenomenon is reversible, 
and if an electromotive force is impressed across a piezoelectric crystal, the crystal 
will undergo distortion. If a plate is properly cut from a crystal possessing a 
sufficiently high piezoelectric response and is suitably mounted in an oscillating 
electric circuit, the crystal plate will resonate and may be used to control or stabilize 
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the circuit.’ The piezoelectric properties of quartz have long been recognized, and 
during recent years, particularly during World War II, quartz resonator plates 
found extensive use in radio and signal equipment.® The mineral tourmaline has 
been similarly employed.’ 

Since quartz, the mineral that causes silicosis, possesses well-marked piezoelectric 
properties, the theory that there might be some connection between piezoelectricity 
and fibrosis is one which naturally occurs to investigators of dust disease. The hypo- 
thesis that piezoelectric substances other than the free-silica minerals can produce 
a reaction in any way resembling silicosis has been criticized by Parmeggiani * on 
theoretical grounds and by Policard ® who demonstrated that the piezoelectric min- 
eral wulfenite failed to produce fibrosis in rats. In Policard’s experiment the animals 
received the wulfenite dust intraperitoneally and were killed at eight days and at 
three months after injection. The animals killed at eight days showed an initial 
foreign-body reaction, and this reaction failed to progress during a three-month 
period to the typical appearance of a quartz reaction. Control animals which received 
injections of quartz dust were said to show the typical quartz reaction at the end 
of three months. 


The results of the experiments to be presented here support those of Policard, 
and they offer further data which serve to exclude the piezoelectric phenomenon 
as taking part in the pathogenesis of silicosis. 


MATERIALS AND METHODS 


Experiments with three piezoelectric materials— Madagascar tourmaline, barium 
titanate, and synthetic berlinite—have been carried out at the Saranac Laboratory 


for the specific purpose of testing the relationship of the piezoelectric phenomenon 
to the occurrence of silicosis. The methods by which these experiments were con- 
ducted are presented in some detail, because it appears that certain technical aspects 
of the approach to the experimental study of insoluble agents require emphasis. In 
addition to the three specific experiments to be described in detail, a survey of the 
results of many other similar experiments with a variety of materials are presented 
in the Table. 


The substances chosen for the tests described in this paper are insoluble, chemi- 
cally stable, and electrically nonconductive, and they possess well-marked piezo- 
electric properties. 

Madagascar Tourmaline —The tourmaline was obtained from Ward’s Natural 
Science Establishment. Madagascar tourmaline is noted for its exceptional quality 
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and therefore is among the varieties favored by the makers of tourmaline resonators. 
The piezoelectric response of tourmaline is comparable to that of quartz.’ 

Preparation: The tourmaline after being crushed in a steel mortar to pass a 200-mesh 
screen was ball-milled for 56 hours in a small percelain mill. Microscopic examination revealed 
that all of the particles were then 3 » or less in size. A 1% suspension of the milled product, 
prepared with isotonic saline solution and sterilized by Arnoldization, was injected intravenously 
into five rabbits in 20 biweekly doses totaling 1 gm. of tourmaline for each animal. Subse- 
quently, the rabbits were killed at 1, 4, 12, and 24 months after the last injection in order to 
follow the course of the tissue reaction. 

Barium Titanate.-—This substance was supplied by Dr. Silas M. Evans and is 
presumably a portion of the material used in his experiments.’ Barium titanate 
has been shown to be among the materials that are piezoelectric.° The barium 
titanate used in these experiments yields an x-ray diffraction pattern (Fig. 1) 
identical with that of some piezoelectric barium titanate furnished through the 
courtesy of Dr. Samuel Zerfoss, of the Naval Research Laboratory. 


Preparation: Since examination disclosed that the barium titanate contained no particles 
greater than 1 4 in size, ball-milling was not required. A 5% suspension of the dust as received 
was made in isotonic saline solution with the aid of a rubber policeman and was sterilized by 
Arnoldization. The material was injected intratracheally into eight guinea pigs by means of a 
special long, blunt needle passed through the thouth, larynx, and trachea to the left main 
bronchus. The total dose of 75 mg. was administered in three equal portions at weekly intervals. 
Animals were killed at, 1, 4, 8, and 12 months after the last injection. 


Synthetic Berlinite—The synthetic berlinite (crystalline aluminum orthophos- 
phate) was also supplied by Dr. Evans. An x-ray diffraction picture of the pow- 
dered substance (Fig. 2) demonstrated that it is crystalline and that the crystal 
structure is the same as that of quartz. The piezoelectric property of aluminum ortho- 
phosphate has been established." 


Preparation: The synthetic berlinite was crushed in an agate mortar to pass a 200-mesh 
screen and was ball-milled until all the particles were 3 4 or less in size. Since the material was 
relatively soft, a seven-hour milling was found to be sufficient. A 5% suspension of the ball- 


milled product was prepared and administered by. the same technique employed for the barium 
titanate. 


RESULTS 

Madagascar Tourmaline -——The major portion of any finely divided insoluble 
material (1 to 3 win size) injected intravenously is localized in those organs known 
to be rich in phagocytic cells, namely, the spleen, the liver, and the bone marrow. 
Of these organs, the liver of the rabbit responds in the most pronounced and the 
most uniform manner, and when quartz dust is injected intravenously in a total 
dosage of 1 gm., the liver is so extensively damaged .by the fibrous reaction that the 
animal seldom survives as long as one year. In the interest of brevity, therefore, 
the tissue reaction to tourmaline will be described and illustrated and will be con- 
trasted with the response to quartz only on the basis of the reaction that occurred 
in the liver. The lesions in other organs were essentially the same as in the liver. 

In the rabbit killed one month after the last injection of finely ground tourmaline 
there were seen innumerable small clumps of phagocytic cells located in the hepatic 
sinusoids and in the portal spaces. Each clump consisted of from three to eight large 
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cells, the cytoplasm of which was packed with dust particles. Fibroblasts, fibrocytes 
and collagen were absent, as were lymphocytes and leucocytes (Fig. 34). In the 
animals killed at 4, 12, and 24 months ( Fig. 38) after the last injection, the appear- 
ance was identical with that just described for 1 month after injection. 

For contrast, the hepatic lesions following intravenous injection of quartz dust 
in rabbits will be briefly described. At one month after the last injection there are 
innumerable clumps of 10 to 30 small, closely packed macrophages, the cytoplasm 
of each of which contains only a few dust particles. Even at this early stage fibro- 
blasts and fibrocytes are present, especially about the lesions in portal spaces, and 


Fig. 1.—X-ray diffraction pattern of barium titanate: (a) barium titanate from the Naval 
Research Laboratory; (b) barium titanate from Dr. Silas M. Evans, the material used in the 
experiments described in this paper. 


Fig. 2.—X-ray diffraction pattern of quartz and of synthetic berlinite: (a) quartz; (b) 
synthetic berlinite. Comparison of the patterns demonstrates that the two substances have 
identical crystal structure. 


a few collagen fibers are recognizable. At subsequent intervals the amount of collagen 
becomes progressively more extensive and encroaches upon the adjacent functional 
hepatic tissue. Classical whorled nodules of hyalinized collagen occur as early as 
six to eight months after injection. Seldom does a rabbit survive this extensive 
and progressive lesion for as long as 12 months (Fig. 3C), and none has ever sur- 
vived for 24 months in the course of numerous similar experiments at this laboratory. 


Barium Titanate-—Following the injection of a finely divided particulate material 
by the intratracheal technique described in a preceding section, there is found a 
heavy localization of the material in the left caudal lobe and numerous smaller 
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disseminated foci in other lobes of the lungs. A few substances are known which 
produce fibrosis in the site of heavy localization of the material but not in the smaller 
foci. On inhalation such agents fail to produce fibrosis, and for that reason it is 
generally the small disseminated foci that are studied in evaluating the tissue response 
following intratracheal injection of a substance. 


In the present experiment with barium titanate, a heavy localization of material 
occurred as usual in the left caudal lobe of each guinea pig. In the animal killed at 
one month after the last injection, much of the lobe was consolidated by phagocytic 
cells which filled the alveolar spaces. Nevertheless, the alveolar septa were thin 
and delicate, and fibroblasts, fibrocytes, and collagen were absent. The smaller 
disseminated foci also were, of course, devoid of evidence of fibrosis. Briefly, it 
suffices to state that in three animals killed at 12 months after the last injection, the 
appearance of both the large (Fig. 3D) and the small sites of localization of barium 
titanate was essentially like the appearance at 1 month. Fibrocytes and collagen 
failed to appear. 

In contrast, it may be mentioned that the intratracheal injection of quartz dust 
results within one year in virtually complete replacement of pulmonary tissue by 
fibrosis at sites of heavy localization (Fig. 3£) and in the occurrence of isolated 
fibrotic nodules at the smaller sites. . 

Synthetic Berlinite—This material also injected intratracheally in guinea pigs 
localized in a typical manner. As with barium titanate, the dust particles were 
phagocytized but failed to elicit fibrocytes or collagen deposition even in the four 
animals examined 12 months after the last injection (Fig. 3F). 


COMPARISON OF PIEZOELECTRIC AND NONPIEZOELECTRIC SUBSTANCES 


In the Table there is presented a summary of the results, adapted from a report 
by Gardner,’? of many experiments with various materials. Each material was 
studied by one or both of the techniques (intravenous and intratracheal) described 
in a preceding section. The materials are grouped with regard to the presence or the 
absence of the piezoelectric phenomenon, either on the basis of recorded evidence 
or by inference from the crystal symmetry. Thus, there are two main groups of 
materials, and each group is divided into two classes—fibrogenic and nonfibrogenic. 
Among the nonfibrogenic dusts some are stated to be “inert” and others “slightly 
irritating.” An inert dust is one which, once phagocytized by macrophages, fails 
to stimulate the slightest further reaction, so that microscopically the lesion is seen 
to consist solely of these cells. In the case of a slightly irritating dust, there is a 
slight persistent lymphocytic infiltration of the tissue adjacent to the phagocytic 
macrophages, but fibrosis fails to supervene even during a period as long as 24 
months. 


It will be noted that not only do the nonsiliceous piezoelectric substances and the 
piezoelectric silicates fail to cause fibrosis but also that certain nonpiezoelectric forms 
of free silica are fibrogenic. 


12. Gardner, L. U.: Reactions of the Living Body to Different Types of Mineral Dusts 
With and Without Complicating Infection, Technical Publication 929, American Institute of 
Mining and Metallurgical Engineers, Sept. 1, 1938. 
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Figure 3 
(See legends on opposite page) 
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Biologic Activity of Natural and Artificial Minerals Tested in Animals 


Rabbits Guinea Pigs Rats 

Maximum Maximum Maximum 

Piezoelectric Time Time Time 


Character of Observed, Tissue Observed, Tissue Observed, Tissue 
Minerals Minerals Tested Months’ Reaction Months’ Reaction Months’ Reaction 


Nonfibrogenie minerals 
Group 1. Aluminum orthophosphate 1+ 
Barium titanate a5 ine 12 1+ 
Piezoelectric Tourmaline * 1+ ‘a 

minerals Dickite t¢ 2+ 12 


Fibrogenie minerals 


34 
3+ 


Group 2. 1+ 
4: 

Nonpiezoelectric 2 1+ 
minerals 1+ 

1+ 

1+ 

1+ 

Rhodonite 2 1+ 

Fluorite 1+ 


Fibrogenic minerals 


Tridymite § 3+ 
Vitreous silica 3+ 


* Tourmaline is nonfibrogenie although comparable to quartz in piezoelectric response. 
+ Diekite is a clay mineral with a high porosity. 


t Quartz and cristobalite are free-silica minerals and are. toxic in all species. The piezoelectric phenomenon has not 
been demonstrated in cristobalite but is assumed to be present, since the crystals are asymmetrical. 
§ Following tridymite injection, all animals died of hepatic destruction and fibrosis within three months. 


Key to symbols of tissue reaction: 1+ —inert. 
2+ —slightly irritating but nonfibrogenic. 
3+ —fibrogenie. 


EXPLANATION OF FiIGuRE 3 


Fig. 3.—A, liver of rabbit killed one month after intravenous injection of 1 gm. of Mada- 
gascar tourmaline. The field includes a longitudinal section of a portal space, together with the 
surrounding hepatic sinusoids. In the portal space note the scattered, large, rounded cells often 
with several small nuclei and with granular cytoplasm. These are macrophages, and the granular 
appearance of the cytoplasm is due to the presence of innumerable refractile particles of tourma- 
line. The delicate collagenous tissue recognizable is a normal component of the portal space. 
The surrounding hepatic tissue is also normal. (100 x ) 

B, liver of rabbit killed 24 months after the injection of 1 gm. of Madagascar tourmaline. 
The field includes a longitudinal section of a portal space. Note the large phagocytic cells with 
granular cytoplasm similar to those in Figure 34. The collagenous tissue of the portal space 
remains delicate. An enlarged Kupffer cell with granular cytoplasm due to the presence of 
tourmaline particles is seen in a sinusoid at the right. Aside from this cell, the hepatic tissue is 
unaltered. . (100 x) 

C, liver of a rabbit killed 12 months after intravenous injection of 1 gm. of quartz. The 
field includes a portal space greatly enlarged by the presence of extensive collagen deposition. 
At the left center there is a typical, whorled nodule of hyalinized collagen typical of the 
reaction to quartz. The fibrotic reaction extends outward from the portal area to replace large 
areas of hepatic tissue. At the top and in the right lower quadrant there are seen scattered 
small bile ducts embedded in collagenous tissue of the reaction to quartz. (100 x) 


D, lung of a guinea pig killed twleve months after intratracheal injection of 75 mg. of barium 
titanate. Many of the alveoli are consolidated by macrophages which have phagocytized the 
particles of injected dust. The particles are opaque and are so numerous within the cytoplasm 
that the nuclei and in many areas even the outlines of the cells are obscured. Note, however, 
that the alveolar septa are thin and delicate even in this area of dense accumulation of dust 
particles. Compare with Figure 3E. (100x) 

E, lung of a guinea pig killed 12 months after intratracheal injection of 75 mg. of quartz, 
The field includes the margin of a large area of complete replacement of pulmonary structure 
by dense hyalinized collagen deposition. In the right lower quadrant is a typical whorled nodule 
of hyalinized collagen. The pulmonary tissue adjacent to these areas of dust reaction shows 


distortion and lymphocytic infiltration as well as hyperplastic epithelium lining the alveolar 
spaces. (100 x) 


F, lung of a guinea pig killed 12 months after intratracheal injection of 75 mg. of synthetic 
berlinite (aluminum orthophosphate). Again, as with barium titanate, the alveolar spaces are 
largely consolidated by the presence of macrophages with cytoplasm packed with dust particles. 
The particles of synthetic berlinite are refractile but translucent so that the cytoplasm has a 
granular appearance, and the nuclei of the macrophages are recognizable. The alveolar walls. 
however, are delicate, and fibrotic reaction is entirely absent. (100 x) 
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COMMENT 


Observations have been reported '° and interpreted as supporting or even estab- 
lishing the concept that the piezoelectric phenomenon is responsible for the fibrogenic 
activity of various substances, including quartz. The present studies, however, are 
interpreted as excluding the piezoelectric phenomenon from further consideration 
in connection with the fibrogenic properties of quartz dust or of other substances. 


Wherein lies the distinction between these interpretations? Attention is called 
to two major sources of error in the technical approach of the previous investigators'® 
to experiments with dust. The first of these errors is in the duration of the experi- 
ments. The longest interval allowed to elapse between injection of the material and 
observation of the reaction, as reported, is only about three months, and the longest 
interval between injection and observation illustrated in either paper with a photo- 
micrograph is given as eight weeks. Experience has shown clearly that eight weeks 
are insufficient for the development of the specific fibrotic reaction to quartz dust, 
and the illustration of the nodular reaction obtained with quartz dust at this interval, 


reproduced in one of the papers,* appears not to be an example of a true silicotic 
nodule. 


The second technical error is the use of the peritoneal cavity and the use of the 
rat for all tests reported. It is stated * that the intratracheal technique with guinea 
pigs and the intravenous technique with rabbits were used, but illustrations of the 
reactions which occurred were not published. We have repeatedly observed that 
serosal surfaces have a much greater propensity to react to foreign materials with 
a slight nonspecific fibrosis than do the tissues of organs such as the lung, the spleen, 
and the liver. Furthermore, the rat as a species has a greater tendency for non- 
specific fibrotic reaction, especially on serosal surfaces, than have animals of other 
species, including the rabbit and the guinea pig. 

Therefore, the evidence which has been presented in support of the basic theory 
that piezoelectricity is associated with fibrogenicity cannot be accepted. It is needless 
to offer specific objections to each of the many extensions of this theory, since in 
view of the erroneous fundamental concept those extensions are obviously untenable. 
An example may be mentioned from among the “Postulates for a Biologically Fibro- 
sive Dust.” * One of these postulates is that dust particles in order to be fibrogenic 
must be small enough to be “energized” by “force fields” but not so small as to be 
“subfibrogenic.” Experiments conducted at the Saranac Laboratory '* have shown 
that even extremely fine particles of silica, only 0.01 » or even less in size, are capable 
of causing a fibrotic reaction. Thus far, a “subfibrogenic” particle size range of silica 
below which the particles are inert has not been identified. 


CONCLUSIONS 


Although the piezoelectric response of the mineral tourmaline is comparable with 
that of quartz, tourmaline injected intravenously into rabbits failed to produce 
fibrosis or silicosis during a two-year period of observation. 


Barium titanate and synthetic berlinite (aluminum orthophosphate), two sub- 
stances both shown by tests on record to be piezoelectric, failed to produce fibrosis 


13. Pratt, P. C.: New Synthetic Silicas, Proceedings of the Seventh Saranac Symposium, 
Saranac Lake, New York, Sept. 22, 1952. 
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or silicosis in guinea pigs that received the dusts intratracheally and were observed 
for one year. 

The mineral tridymite, a high-temperature form of crystalline free silica, is 
regarded as being not piezoelectric.'* Vitreous silica is amorphous and therefore 
cannot be piezoelectric. Both tridymite and vitreous silica produce fibrosis, as has 
been shown by animal experiments carried out at the Saranac Laboratory. 

A study of animal experiments conducted with a number of different mineral 


species (see Table) fails to show any relationship between piezoelectricity and tissue 
response. 


Reasons for the differences between the results of various investigators in the 
interpretation of experiments regarding the relationship between piezoelectricity 
and fibrogenicity have been discussed. 


14. Frondel, C.: Personal communication to the author (D. B.). 


OCCURRENCE OF RADON IN NONURANIUM MINES IN COLORADO 


P. W. JACOE 
DENVER 


LTHOUGH uranium in large deposits is not as profuse as many other metals, 
it can be found in minute quantities widely diffused throughout the crust of the 
earth. This is particularly true in mineralized drifts of sedimentary origin. A number 
of thories have been advanced as to the source of the uranium in the Colorado 
Plateau area as well as the sparing amounts of uranium in other deposits, such as 
gold, silver, lead, and zinc-bearing ores. Uranium prevails in the uranite classifica- 
tion of ores associated with copper, phosphorus, calcium, arsenic, barium, vanadium, 
lead, and other elements and in the uranate classification associated with lead, 
thorium, and bismuth. It is assumed, then, that there is a favorable contingency for 
the existence of sufficient uranium in nonuranium mines to cause detectable quanti- 
ties of radon to be evolved. This assumption has been verified in a limited study 
of nonuranium mines in Colorado. It is also possible that a similar situation may 
be found elsewhere in the United States, particularly in the feldspar quarries of 
Connecticut, in the mica mines of North Carolina, and in mineral findings in Llano 
County, Texas, in Pennsylvania, and in South Dakota. 

Some of the nonuranium mines studied are situated in districts in Colorado 
where small amounts of pitchblende have been discovered, the mines being 
located within 30 miles of the small deposits. It is possible that the radon 
found in these mines entered the mine air by one or both of two methods: (1) large 
exposed areas contained enough radium on the surface to generate detectable 
amounts of radon; (2) water from ore deposits could travel great distances under 
pressure to the mine, and the radon trapped in the water was released as the pressure 
diminished. This would be possible in both small and large mines, as the ratio 
between exposed surface and air volume is nearly constant. On the other hand, 
appreciable quantities of radon have been found in mines located several hundred 
miles from the nearest known deposit of uranium-bearing ore. This might indicate 
the possibility of the existence of undiscovered ore bodies in these districts. From 
this, then, it is evident that at least two further steps should be added to the program 
in detecting radon. These steps are as follows: (1) analysis of spot samples of ore 
and wall material for uranium; (2) analysis of mine water for radon content at the 
point of entry into the mine. Water analyses have recently been included in the 
program, but not sufficient data have been obtained for presentation at this time. 

The element uranium rather than radon has been used in the preceding descrip- 
tion, because although we are concerned with radon it is necessary to verify the 


Mr. Jacoe is Chief of the Environmental Control Services, Occupational Health Section, 
Colorado State Department of Public Health. 

This study was made by the Colorado State Department of Public Health assisted by a 
grant from the National Cancer Institute. 
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presence of the parent materials in tracing sources. No attempt has been made to 
establish the degree of equilibrium between uranium and radium; however, it can 
be safely assumed that with little or no air movement equilibrium is rapidly accom- 
plished from radium to radon and hence down the series to radium G. This is true, 
of course, under undisturbed conditions. A paper by Holaday regarding the same 
study in uranium mines shows that the equilibrium between radon and its immediate 
daughter products is greatly disturbed by ventilation, although the longest half-life 
encountered is only 26.8 minutes.’ 


The study so far has not produced a set pattern through investigation of the 
geological environment. The actual radon content of a few nonuranium mines 
approaches the levels found in some uranium mines with similar conditions of 
ventilation. Radon has been found in clay and coal mines as well as in metal mines. 
Several mines have been studied in which high concentrations were expected because 
of adjacent ore deposits; yet, very small amounts of radon were found. In other 
instances the exact opposite was true. The presence of radon in coal mines might 
be accounted for by the fact that uranium has a great affinity for carbonaceous 
material. An interesting condition was found in a small abandoned lead mine where 
the radon content was less than 10 pyc. per liter of air and the mine water had no 
radon in it; yet a short distance away there were free-flowing natural springs con- 
taining 1200 puc. of radon per liter of water. 


EXPERIMENTAL PROCEDURES 


The areas studied in connection with the occurrence of radon in nonuranium 
mines can be placed in four categories. These are tunnels, metal mines, clay mines, 
and coal mines, and they include large as well as small mines. Sampling is generally 
done in areas showing the best possibility for the existence of radon and for the 
most part in those areas where there is little perceptible air movement in dead-end 
drifts and raises. It has been found that although radon is detected in areas of low- 
air movement its concentration may be reduced so that it becomes undetectable in 
well-ventilated haulage ways. 

The radon concentrations reported here represent typical working environments 
since the samples were usually collected at the working faces. 

Samples were taken in evacuated flasks and transferred to ionization chambers in the labor- 
atory. After several hours had been allowed for stabilization, the chambers were connected to the 
measuring apparatus, and the ionization current was determined from the potential drop over a 
very large resistor. From the ionization current and the age of the sample, the original con- 
centration of radon was calculated. The instrument was calibrated against known radon con- 


centrations ; however, a known current source was usually employed as a working standard. The 
limit of detection of radon is in the neighborhood of 10 “uc per liter of air. 


RESULTS 
Tunnels.—Five water-diversion tunnels were investigated for the presence of 
radon, and no detectable amounts were found. These tunnels were driven through 


granite, but there were no indications that a mineralized deposit had been bisected. 
Most of them were extremely wet. 


1. Holaday, D. A.: The Ratios Between the Various Daughter Products of Radon in 
Uranium Mines and How They are Effected by Ventilation, Nucleonics, to be published. 


120 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Metal Mines.—Metal mines offer a varied structure for the study of the occur- 
rence of radon, because generally several levels are available as well as all conditions 
of air movement and wetness. The metal mines studied contained mainly gold, 
silver, lead, zinc, or tungsten-bearing ores. The highest concentration of radon found 
was 2100 puc./I. although no radon was found in one location in a lead mine, quanti- 
ties varying from 30 to 60 puc./l. were found elsewhere in the same mine. A study 
of lead and zinc mines in a specific district gave such a variety of results that no 


TasBLe 1.—Concentrations of Radon and Radium A-C, in Metal Mines of the Ouray District 


Ra 


Rn, 
Mine Ventilation 


Good 
Good 
Good 
Good 
Fair 
Fair 
Poor 
Fair 
Good 
Fair 
Poor 
Good 
Fair 
None 
Good 
Poor 
Fair 


Good 


Tas_e 2.—Concentrations of Radon and Radium A-C, in Metal Mines of the Aspen District 


Rn, Ra A-Ci, 
Mine uue./l. Ventilation 
A 
1,950 
2,100 
13 
22 
20 
26 
18 


relationship could be established. A group of these mines showed radon concentra- 
tions as follows: 119, 201, 151, 26, 126, 259, 1440, and 258 pyc./l. A similar group 
in the same district showed 160, 180, 340, 320, and 120 pyc./l.; a third group in this 
district, however, showed only 0 to 60, 30, and 50 pyc./l. This particular district 
has never produced uranium ores and is located about 80 miles from the nearest 
uranium-producing mine. 

Table 1 shows the concentrations of radon and radium A-C, in several of the 
metal mines studied in the Ouray district of southwestern Colorado. In many 
instances it was impractical to make determinations for both radon and radium 
A-C, but in the larger mines more than one location was sampled. Table 2 gives 


A 68 3.4 
71 11.4 
112 14.3 
62 8.5 
B 71 17 
85 10 
30 7 
52 7.2 
100 10 
190 400 
1,200 590 
33 17 
Cc 47 16 
39 12 
56 7.6 
120 12 
80 73 
D 36 6.5 iz 
47 22 Fair 
59 1 Fair 
47 1 Fair 
E 160 Good 
F 180 onde Fair 
340 Poor 
: 120 Fair 
G 60 
H 30 
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the radon and radium A-C, concentrations found in two metal mines in the Aspen 
district, which is located more than 100 miles from the nearest uranium-producing 
areas. 

On moving eastward, evaluations were made in the lead-zine mines of the Front 
Range of the Rocky Mountains. These mines are located in relatively close prox- 
imity to past producers of pitchblende, and from unconfirmed reports it was apparent 
that small amounts of pitchblende could be found in practically all ore in the area. 


TABLE 3.—Concentrations of Radon and Radium A-C, in Metal Mines of the Front Range 


Rn, Ra A-Ci, 

Mine /1. Ventilation 
A 200 37 Good 
140 97 Good 

B 42 


Cc 


: Ee sas:: 


3 


“ZEB 


* Mines actually containing some pitchblend. 


TaBL_E 4.—Concentrations of Radon in Miscellaneous Metal Mines of the Colorado Plateau 


Rn, 
Mine wue./1. Ventilation 

A 160 Good 
B 320 Good 
Cc 16 Good 
D 340 Fair 

E 120 Good 
F 160 Poor 


It was expected that larger concentrations of radon would be found in the Front 
Range mines, but this assumption was found to be incorrect. Values found in these 
mines were lower, the average concentration in a pitchblende-containing district 
here being 103 pyc./l. as compared with an average concentration of 130 pyc./l. in 
an area of no known uranium deposits. The metal mines of the Front Range are 
extremely wet, and even during the dry fall and winter months many of them have 
a flow of several inches of water at all times. Table 3 shows the concentrations of 
radon and radium A-C, in metal mines of the Front Range area. Table 4 describes 
radon occurrence in metal mines not existing in a specific geographical mining 
location. 


D 
E 
34 
26 \. 
40 
120 
330 * ‘a 
7 ‘a 
| 
| 
4 
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An interesting comparison can be drawn between metal mines in general and 
one specific gold and silver mine which contained some pitchblende at one time. 
This mine was an active producer of gold and silver 50 years ago. Sometime later 
it was abandoned and was allowed to fill with water. After investigators noted 
that the waste dump showed radioactivity, the mine was recently reopened so as 
to extend the workings to a suspected body of pitchblende. The water was pumped 
out, and development started. In December, 1951, two samples showed a radon 
concentration of 402 ppc./l. In May, 1952, the values of two samples were 120 and 
330 puc./l., respectively, and in July, 1952, these values were 120 and 40 puc./I., 
respectively. Actual difference in ventilation practice could not be evaluated from 
the visits of the investigators ; therefore, the different values encountered at various 
times are not indicative of anything. The important fact is that the suspected vein of 
pitchblende has recently been encountered, and although during the entire develop- 
ment project the tunnel was very near this body, the radon concentration was no 
higher than in other mines of the district. 

Tungsten mines in the Front Range area showed the same general pattern. This 
tungsten section has produced some low-grade pitchblende throughout the years, 
and many of the tungsten-producing mines are located adjacent to former uranium 
producers. Results of the investigations in several tungsten mines showed the 
presence of radon but again in low-level amounts. The actual concentrations found 
were in the order of 24, 17, 17, 27, 14, 40, and 36 pyc. of radon per liter of air. All 
the tungsten mines are in one group, being located only a few miles from an actual 
producer of uranium, which in itself presents an interesting opportunity for com- 
parison. The uranium mine is extremely old and at one time produced millions of 
dollars’ worth of silver. It was abandoned several times, but recently it was reopened 
from a new entry. It is now producing good silver ore as well as small amounts of 
pitchblende, some of which is high grade. The highest level of radon concentration 
found in this mine was 575 puc./l.; most of the samples were of the order of 15 to 50 
puc./l, and were about equal to the amounts in adjacent tungsten mines containing 
no pitchblende. 

Clay Mines.—The clay mines investigated in the study of the occurrence of 
radon are situated in the hills dividing the plains area of Colorado from the Front 
Range of the Rockies. These mines are located 20 to 30 miles east of the Front 
Range, whose metal mines have been previously mentioned, and a few miles west 
of an abandoned coal mine in which carnotite was reported as far back as 1876. 
The clay mines are generally simple in structure and consist of a single tunnel, with 
only a few side drifts penetrating the hills as far as it is economically feasible to 
remove the clay. A clay mine in which radon was detected produced the most 
puzzling situation encountered in the entire study. In early September, 1952, 
samples collected in this mine showed 640 pyc. of Ra A-C, per liter of air. Since 
this figure seemed too high to be reasonable, additional samples were taken on 
Oct. 1, when the concentrations were found to be 540 uc. of radon per liter of air 
and 197 pyc. of Ra A-C, per liter of air. It was decided to collect additional samples 
the following Monday before the first shift arrived. The blower had been turned 
off the preceding Friday, and it was expected that at least twice the amounts found 
previously would be encountered. However, no Ra A-C, was found, and radon 
occurred only to the extent of 36 pyc./l. Since winter was approaching and the 
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outside air was cooling rapidly, it was felt that perhaps, just before this last set of 
samples was taken, a rapid complete air change might have been effected in the 
mine, owing to temperature differential between inside and outside air. This is 
very common in spring and fall, but the theory had to be rejected, since subsequent 
samples taken on Oct. 26 and Dec. 3 and 8 showed radon concentrations of 16, 
20, and 20 pyc./l., respectively. Since that time no radon has been detected in this 
clay mine. Table 5 shows the average concentrations of radon and radium A-C,; 
in clay mines of the foothills of the Rockies. 

Coal Mines.—Of the five coal fields existing in Colorado, only one has been 
sampled for the presence of radon at this time. This is the northern field, located 
about 30 miles east of the mountains on the plains. The coal is lignite and lies at 


Tas_E 5.—Concentrations of Radon and Radium A-C, in Clay Mines of the Foothills 


Rn, Ra A-Ci, 


Rn, 
Mine 


A 


a depth of 200 to 400 ft. below the surface. It is not uncommon to find the yellow 
uranium oxide existing as incrustations and inclusions in fractured and _ partly 
silicified coal in the Colorado Plateau area. A Bureau of Mines bulletin quotes the 
following, “In 1875, Berthoud reported 0.2 to 2% uranium in coal from a mine 
near Denver.” At that time uranium was not important commercially, and this was 
forgotten until after the mine was reopened in 1949. Interest was revived when 
“radium was detected in the ashes of 40 Alabama coals, the average content being 
2.15  10°* gm. per gram of ash” according to a technical paper of the Bureau 
of Mines.? 

It was felt from this information that the possibility of the existence of radon 
in general coal mine air was good; however, it was found in actual sampling that 
this could not be verified. Locations were found in practically all coal mines visited 
containing significant amounts of radon, but these were usually at dead ends or 


2. Gibson, F. H., and Silvey, W. A.: Rare and Unknown Chemical Elements in Coal, U. S. 
Department of the Interior, Bureau of Mines, Technical Paper 669, 1944. 


of the Rockies 

A 36 9.1 

5.2 

8 

B 115 52 

50 

D 4.5 

E 640 

540 197 

36 

0 0 

TABLE 6.—Concentrations of Radon in Coal Mines of the Eastern Plains 

20 
B 70 
80 
130 
D 20 
E 10 
F 
G 10 
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other places of little air movement. No radon was detected in general coal mine 
air in the air-return shafts in which air from the entire mine was being returned 
to the outside at the rate of 200,000 to 500,000 cu. ft. per minute. It has 
not been determined whether this was due to the tremendous dilution factor or to 
the possibility that uranium exists in coal in scattered pockets and is not generally 
distributed. 

Of the coal mines in the northern field where samples were taken, at least one 
location in each mine was found to contain radon. The concentrations ranged from 
10 to 130 pyc/l. and were of the same order of magnitude in different locations 
in the same mine. Table 6 shows the average radon concentrations in coal mines 
of this area. 

SUMMARY 


This information about the occurrence of radon was derived from a limited 
study, and it is hoped that the expanded investigation contemplated will supply 
sufficient information to answer many of the questions posed. To summarize, it 
is evident that radon is present in significant amounts in most nonuranium mine 
atmospheres in Colorado. The mere determination of radon is not sufficient to 
properly evaluate the problem, and it has become more apparent that an analysis 
of the ore and mine water for uranium and/or radium is necessary. 


EMANATION OF RADON IN URANIUM MINES AND CONTROL 
BY VENTILATION 


E. C. TSIVOGLOU, Ph.D. 
AND 


H. E. AYER, B.S. 
SALT LAKE CITY 


ITH THE recent rapid expansion of the uranium mining industry in this 

country, the problem of exposure of the miners to dangerous concentrations 
of atmospheric radon has been greatly magnified. It has been realized’ that in 
most cases ventilation offers the most practical means of reducing such radon 
concentrations to acceptable levels. Accordingly, recent research in this field by 
the United States Public Health Servite has been directed toward the development 
of an adequate and logical method for determining in any specific case the amount 
of ventilation needed to prevent the concentration of atmospheric radon from 
exceeding any selected maximum allowable value. This paper presents a method 
for the solution of this problem, based upon theoretical considerations and supported 
by field observations. 

Since the installation and operation of ventilation facilities may involve con- 
siderable expense, especially in the case of the larger uranium mines, the determi- 
nation of ventilation rates required to prevent the occurrence of radon concentra- 
tions which exceed some maximum allowable value should be based upon a logical 
approach which is conservative and yet does not result in gross overdesign of 
facilities. In the absence of such an approach, it is most likely that economic 
considerations will dictate design, and in this event the best design will be selected 
only infrequently and only by accident. It is believed that the method outlined here 
for the determination of required rates of ventilation will result in the most 
economical design and will at the same time provide a sound basis for the effective 
control of atmospheric radon. 


It is emphasized at the outset that each situation is quite individual, and while 
the means of attacking the problem are perfectly general, entirely separate study 
of the circumstances governing each situation is required. No two uranium mines 
are completely alike as regards the various factors which affect the production of 
radon and the specific control measures needed. The altitude at which the mine is 
located, the composition and structure of the ore body, the temperature and the 
physical characteristics of the working section (such as its shape, size, and inclina- 
tion) are controlling factors both in radon production and in the most effective 
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ventilation procedures, and these factors may differ radically from mine to mine. 
Thus, the methods outlined will yield true results only if due attention is paid to 
the circumstances governing the individual case. 

The factors governing the concentration of radon in the atmosphere of a uranium 
mine drift at any moment in time are the rate at which radon enters the drift 
volume from the ore body and the surrounding area, the rate of radioactive decay 
of radon, and the rate at which the gas is removed by ventilation of the drift. We 
denote by R the rate at which radon enters the drift and hereafter call this the 
rate of production or emanation. We let N(t) be the number of atoms of radon 
present at the time, ¢. The volume, I’, is defined to be the volume of the drift which 
is directly affected by ventilation. This effective volume will depend upon such 
factors as the physical size and shape of the drift and the rate and method of air 
introduction ; as will be seen, the factor /’, while difficult to estimate within very 
narrow limits, is a factor of importance only in research studies. For ventilation 
rates found in practice, the factor |’ disappears from the equation to be used. 

The concentration of the gas in atoms per cubic foot is denoted by Q(t) and is 


simply Na. The decay constant for radon is denoted by A. We let v be the rate 
of ventilation in cubic feet per minute of fresh air introduced; hence, the rate of 
removal of radon by ventilation is Q(t)v, or xe We may now set down the 


differential equation which expresses the time rate of change of the number of 
atoms of radon present in the volume, |’, at any time, t. We have 


(1) 
The last two terms of this equation may be combined. We let ¢= + ¥ 
and considering the rate, XR, to be constant * for a given set of conditions, equation 
(1) is solved by 
Nith= + ect (2) 
where N(Q) is the initial number of atoms present at ¢t = 0 minutes. 


2. It is recognized that the rate of formation or emanation of a gas may vary 
appreciably as a function of atmosphere pressure. For example, it has been observed (Harrington, 
D., and Denny, E. H.: Gases That Occur in Metal Mines, Bulletin 347, U. S. Department of 
Commerce, Bureau of Mines, 1931) that the drop in barometric pressure which heralds the 
approach of a storm often results in markedly increased gas production in mines. Even the 
direction of prevailing winds, it is claimed, may affect the rate of gas emanation under favorable 
circumstances. In some metal mines the rate of gas emanation is controlled effectively by closing 
off the working section with doors and barriers and introducing air into the resulting enclosed 
volume so as to create a slightly higher pressure inside. This limits the escape of noxious or 
toxic gases from the walls of the drift. 

In solving equation (1) it is assumed that the rate, R, is essentially constant, that is, that 
R is not a function of time, ¢t. This assumption implies, then, that we also consider atmospheric 
pressure to be constant with respect to time. The assumption of constant R does not, however, 
make any restriction on the particular value of the pressure but implies only that the pressure 
has a fixed value during the duration of the study to determine R. In the determination of R 
and in subsequent determinations of required rates, v7, for maintaining less than some maximum 
allowable radon concentration, it is suggested that careful attention be given to atmospheric 
pressure as an influencing factor. In this regard the most logical practice might well be to design 
and operate ventilation equipment on the basis of a preselected minimum pressure; in a given 
case the determinaticns of R may be correlated with pressure, and the design figure for R 
may then be chosen cn the basis of the minimum expected pressure in the mine vicinity. The 
derived rates, 7’, wi.l then include allowance for this minimum expected pressure condition. 
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Equation (2) can be put in terms of concentrations of radon, and upon dividing 
through by V’ we obtain 


where Q(0) is the concentration at tf = 0, in atoms per cubic foot. 


The decay constant A is 0.000126 per minute for radon. Hence, in the factor 
the decay constant will be negligible at useful rates of ventilation, and the factor 


c becomes merely ¢== ~. It is only in the case of very low rates of ventilation 


that the decay constant has a significant effect, and in this connection natural 
ventilation will be discussed later. 


Furthermore, usual ventilation practice will have the effect of making the 
exponential et negligibly small, due to the use of higher rates of ventilation applied 
over relatively long periods of time. Studies made by us in the development drift 
of a uranium mine in southern Utah may be used to illustrate this point; the 
effective volume of the drift is 2,200 cu. ft. (62 cu. m.), and at a ventilation rate 
of 300 cu. ft. (8.5 cu. m.) per minute, continued for one hour, the exponential 
becomes e~*? and is negligible. As a result, at the usual rates of ventilation of such 
a restricted volume equation (3) becomes simply 


Oring) = * (4) 
where Q/(inf) denotes the concentration after ventilation over a length of time 
sufficiently long to establish a concentration which does not change signifi- 
cantly with continued ventilation at the same rate. In practice, this condition will 
occur within a period of an hour or less in most cases. Thus, ventilation might be 
started an hour or so before the miners enter the working section. If this is done, 
it may be expected that radon concentrations will be reduced to the desired level 
before the miners go to work in the drift. Continued ventilation at the same rate 
will then afford them the necessary protection during the working hours. 

Equation (4), therefore, represents the limiting case most usually encountered 
in practice, and it may be noted that the effective volume, V’, has disappeared from 
the equation. 

It is now possible to estimate the numerical value of the rate of emanation, R, 
for any particular case. By ventilating the drift at several different known rates 
v, over a length of time long enough to ensure the attainment of an unchanging 
concentration, a representative value for R may be calculated from equation (4) 
based upon the known rate, v, and the concentration, Q(inf), observed by atmos- 
pheric sampling. Having determined R, equation (4) may then be solved for the 
rate of ventilation which is required to prevent the occurrence of concentrations 
greater than the maximum allowable value. 

An interesting sidelight to the above is the possibility that determinations of 
the rate of emanation of radon may prove useful with regard to exploration and 
development of sources of uranium. For example, the determination of rates of 
radon production in a representative number of drifts in various mines, correlated 
with knowledge as to which of the ore bodies was being profitably worked for 
uranium, might well make possible the development of a direct and_ relatively 
precise means of estimating the economic feasibility of mining for uranium in 
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presently abandoned mines and in mines now extracting metals other than uranium. 
Sources of data for such studies could include working uranium mines, working 
metal (nonuranium) mines, and abandoned metal mines. 

The foregoing method has been applied in an investigation of a mine in southern 
Utah. The data reported in Table 1 are a portion of the information collected 
during the survey of conditions in this mine, and it may be seen that a fairly wide 
range of radon concentrations and ventilation rates is included. The studies were 
made in the development drift, approximately 60 ft. (18 m.) long, to which previous 
reference has been made. Its junction with the main drift occurs approximately 
420 ft. (128 m.) from the portal, and both the main drift and the development 
drift are horizontal. 

Ventilation was accomplished by means of a large capacity blower mounted on 
a truck and by the use of 500 ft. (152 m.) of ventilation tubing measuring 1 ft. 
(30 cm.) in diameter which was installed in the mine. The outlet end of this tubing 
ended at a distance of 25 ft. (7.6 m.) from the face of the development drift. The 
rate of ventilation was altered as desired by means of controls at the blower. Radon 


Taste 1.—Survey of Radon Concentration and Ventilation Rates in a Development Drift 


Sample Radon, Ventilation* Ventilationt 

Date No. L. Rate, Cfm Period, Min. 
qa) (2) (3) (4) (5) 

3 10,300 Natural only Approx. 1,000 

6 10,500 Natural only Approx. 1,000 
9 6,550 Approx. 30 45 
5 240 150 20 
7 1,570 150 30 
10 235 300 30 
8 142 400 30 
4 58 800 30 


*These rates of ventilation are not exact but are estimated to be within reasonable limits of error. 
Unfortunately, precise measurements were not made at the time of the survey. A study of the data and a 
few brief calculations will demonstrate, however, that deviations of a few per cent in these rates do not 
constitute a source of significant deviation in the final results. 

+ The times reported here represent durations of ventilation at the corresponding rates before sampling 
for radon. For example, Sample 7 was taken after 30 minutes of ventilation at a rate of 150 efm, and the 
initial concentration prior to commencing ventilation at this rate was 10,500 wue/l., which is the final con- 
centration for Sample 6. 
samples were taken in standard 2 liter flasks at a point 5 ft. (1.5 m.) from the face 
of the development drift and transported back to the field-station laboratory for 
analysis. Concentrations were determined by a method developed by the New 
York Office of the Atomic Energy Commission, in which ionization currents are 
measured by using a vibrating reed electrometer. 

The development drift studied was on the average approximately 6 ft. (1.8 m.) 
wide, 61% ft. (1.9 m.) high, and 60 ft. long (from its junction with the main drift 
to its end). Since the drift comes to a dead end and its entire length is only 60 ft., 
the most reasonable estimate of the effective volume, ’, was in this case nearly — 
the entire volume of the drift, or approximately 2,200 cu. ft. This estimate of V 
does not apply, however, to Sample 9, for reasons which will be seen in the dis- 
cussion below. 

Samples 4 and 11, taken on different days, provide the necessary data for 
purposes of estimating R, the rate of production or emanation of radon. Equation 
(4) is applicable, since for these samples the decay constant A is clearly negligible, 
and the exponential is also so small as to be quite negligible. In order to use equation 


TSIVOGLOU-AYER—EMANATION OF RADON IN URANIUM MINES _ 129 


(4), we desire to have concentrations of radon in terms of atoms per cubic foot, 
and the conversion of observed concentrations to these units is accomplished as 
follows 


(4) X (28.3) X (2.225) 
~ 4.26 x 10-4 = 4.99 x 10° atoms/cu. ft. 


since there are 28.3 liters in a cubic foot, one micromicrocurie of radon is equiv- 
alent to 2.225 disintegrations per minute, and the decay constant for radon is 
1.26 10% per minute. 
Using equation (4), and the data of Sample 4, we therefore have 
R = vQ(inf) = (800) x (58) x (4.99 x 105) = 2.3 « 101° atoms/minute 
Similarly, Sample 11 yields R= 2.0 x 101° atoms/minute 


1 wee. /1. = 


The rate of emanation of radon was then taken to be 2.2  10'° atoms per 
minute, and using this rate it was possible to check the theoretical equations by 
comparing the observed and the calculated radon concentrations for the rest of the 
samples. In several of these calculations the exponential factor is not negligible, 
and equation (3) must be used. Table 2 represents the results of the calculations 
based upon the estimated rate R = 2.2 10" atoms per minute and the use of 


Taste 2—Comparison of Observed and Calculated Radon Concentrations 


Observed Radon, Caleulated Radon, 
Sample No. L. aue/L 


235 
1,610 
255 
120 


equation (3). It is especially interesting to note the good agreement between the 
observed and the calculated results for Samples 5 and 7. For these two samples 
the same rate of ventilation (150 cfm) did not result in similar radon concentrations, 
and accordingly the calculations for these two samples will be most beneficial as 
an illustration of the method. 


The calculations for Samples 5 and 7 are as follows: 
Sample 5 v= 150 cfm 


t= 20 min. 
Q(0) = 58 uuc./l. = 2.89 x 107 atoms/cu. ft. 
V = 2,200 cu. ft. 


hence, c= 0.000126 + +°° = 0.0683 
oct = e1-865 = 0.256 
By substitution in equation (3) we obtain 
2.2 x 10% 2.2 X 10% 
(20) = (2200) + [2.89 x 10° — x | (0.256) 

This calculation yields Q(20) = 11.64 10° atoms per cubic foot, or Q(20) 
= 234 puc./1. 

v= 150 cfm 

t= 30 min. 
QO(0) = 10,500 wuc./1. = 5.24 10® atoms/cu. ft. 

V = 2,200 cu. ft. 


hence, c= 0.0683 as before and 
ect = e-2:05 — 0,129 


Sample 7 


Du... 6,550 
1,570 
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Substitution in equation (3) yields ; 

sor Q (30) = 1.465 x 108 + (5.24 x 10° — 1.465 x 108) x (0.129) or 
QO (30) = 8.03 x 108 atoms/cu. ft 

Conversion of units yields QO (30) = 1,610 pyc/1. 

Table 2 shows very good agreement in all cases except for Sample 9, for which 
calculated results are not reported. There is excellent reason to expect that the 
agreement between observed and calculated results for this sample will be very 
poor, and such is the case. The rate of ventilation for Sample 9 was extremely 
low—little more than a mere breath of air. In addition, the end of the ventilation 
tubing was from 25 to 30 ft. (7.6 to 9 m.) from the dead end of the drift, while 
the sample for radon was taken only 5 ft. from this working face. The net result of 
this situation can only have been that the fresh air introduced into the drift did 
not greatly affect conditions at the sampling point. In other terms, it appears most 
probable that a pocket was formed at this low rate of air introduction, and in this 
pocket there was very little or no air movement. This region of no air movement 
must have extended from the working face to a point beyond the sampling point, 
the direct result being that the sample taken yielded a much higher concentration 
than can be accounted for by calculations based upon the theory. Since there is 
every reason to believe that the sampling procedure and subsequent sample analysis 
admit of very little error, it can only be concluded that at such a low (and com- 
pletely impractical) rate of ventilation it is not possible to make reasonable estimates 
of the actual ventilation situation, and it is accordingly not possible to apply the 
theory to this case. 

One further interesting point of information may be obtained from a study of 
Samples 3 and 6, which represent conditions in the drift in the early morning hours 
before any artificial ventilation was commenced. It is, of course, not possible by 
the foregoing methods to make a comparison of observed and calculated results for 
these samples, since a reasonable estimate of v, the rate of natural ventilation, 
cannot be made. However, based upon the observed radon concentrations and the 
rate of emanation, R, derived from Samples 4 and 11, it is possible to calculate the 
rate v which must have prevailed under natural conditions, using equation (3). 
We denote this rate for Samples 3 and 6 as v, to distinguish it from the rates for the 
other samples and define v, to be an “equivalent” natural ventilation rate. We imply 
by this definition that, based upon our other information, ventilation “equivalent” to 
a rate of v, cubic feet per minute prevailed throughout the drift during the 17- 
or 18-hour period overnight in which no artificial air introduction occurred, and 
nothing is implied regarding the actual rate of natural ventilation. With this 
definition in mind, calculations using equation (3) indicate an equivalent natural 
ventilation rate, v,, of 4.0 cu. ft. per minute. 

It is also of interest to note the effects of natural ventilation upon the radon 
concentrations in the drift. Considering that the rate of emanation is 2.2 x 10"° 
atoms per minute and considering an equivalent natural ventilation rate of zero 
(hence that the volume, I’, is completely shut off from outside air), we can calculate 
the concentrations to which radon would build up, using equation (3). Such cal- 
culations yield a concentration of about 20,000 pyc./l. after 18 hours 100,000 puc./I. 
after five and one-half days, and an upper limit of 158,000 puc./l. which would be 
approached after three or four weeks. From the observed data it is obvious that 
natural ventilation is not a minor effect at all but, on the contrary, succeeds in 
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keeping radon concentrations well below the levels they would attain without natural 
ventilation. It is also apparent from the data that while natural ventilation is a 
definite aid in reducing radon concentrations it cannot be relied upon as a means 
of control, since its effect is neither sufficiently great nor dependable. 


Much of the foregoing information and discussion have been included for pur- 
poses of explanation and verification of the methods developed. As has been noted, 
in actual practice only the use of equation (4) is necessary, since the ventilation 
rates and times involved will be of an order of magnitude which results in negligible 
decay constant and exponential. Atmospheric radon concentrations can be deter- 
mined by the method developed by the Atomic Energy Commission, to which 
previous reference has been made and which was used by us, or by a scintillation 
technique * which may involve less difficulty and expense. 


The information in Table 3 is presented for illustrative purposes, and it is again 
emphasized that this information cannot be expected to apply to other mines, as 
there is no connection between rates of radon production in different mines. It is 
not the purpose of this paper to suggest the adoption of any particular maximum 


Tas_e 3.—lentilation Rates Required for Preventing Atmospheric Radon from Exceeding 
Maximum Allowable Concentrations 


Required Rate of 
Maximum Allowable Radon, wuc./L. Ventilation, Cfm 


allowable concentration of radon, and so Table 3 indicates required ventilation 
rates for the prevention of the occurrence of radon concentrations greater than a 
range of maximum allowable values in the drift investigated. Calculations for this 
Table were based on equation (4). 

The foregoing theory has been developed for the more general case of a radio- 
active gas, but it can be easily modified to represent formation and removal of 
nonradioactive gases, such as hydrogen sulfide and methane. For these gases 
radioactive decay is no longer a factor, and the second term on the right in equation 
(1) does not occur. We have for a nonradioactive gas 


dN(t) N(t)e 
= R— (1') 
which has solution 


N(t) = [vo Vit (2') 


In terms of concentrations this becomes 


The expression for the limiting case at usual ventilation rates is identical with 
equation (4) 


Oring) =* (4) 


3. Damon, P. E., and Hyde, H. I.: Scintillation Tube for the Measurement of radioactive 
Gases, Rev. Scient. Instruments 23:766 (Dec.) 1952. 
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As before, the assumption has been made that the rate of gas formation, R, is 
constant with respect to time for any fixed atmospheric pressure. Just as in the 
case of radon, estimates of R may be made on the basis of observed values of 
Q(inf) at known ventilation rates, v, and then required rates, v, may be determined 
on the basis of maximum allowable concentrations, Q/(inf). 


SUMMARY AND CONCLUSIONS 


A method has been developed for the determination of ventilation rates required 
to prevent the concentration of atmospheric radon from exceeding any selected 
maximum allowable value in a working section or drift of a uranium mine. In 
connection with this, a method for estimating the actual radon production rate has 
also been presented, and it has been suggested that the latter method may be useful 
with regard to the development of sources of uranium. 

Studies of a development drift in a uranium mine of southern Utah have 
yielded good agreement between observed and calculated radon concentrations, and 
for this drift it can be predicted that various maximum allowable concentrations 
of radon will require ventilation at rates indicated in Table 3. 

The studies in southern Utah also demonstrate that natural mine ventilation 
may be a major factor in maintaining radon concentrations at reduced levels. It is 
apparent, however, that natural mine ventilation cannot be relied upon as a control 
measure, since its effect is neither dependable nor sufficiently great. 


| 
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AGGRAVATION AS A FACTOR IN INDUSTRIAL DERMATITIS 


BERNARD APPEL, M.D. 
LYNN, MASS. 


GGRAVATE is defined in Merriam’s Webster Dictionary, in its second mean- 
ing, as “to make worse or more severe, to enhance” and is there stated to be 
derived from the Latin prefix ad and the adjective gravis, meaning heavy ; there- 
fore, the word literally means “to increase the weight.” Since the word is not found 
in the usual medical dictionary, its meaning should be taken as understood in com- 
mon usage. However, when we examine the influence of this word as applied to 
occupational injury, we soon discover that it comes very close in its elusiveness to 
the phrase “‘arising out of.” I have not_been able to find a clear-cut interpretation 
of the word aggravation either by statute or by decision. 

To the legal interpretation of this word, apparently no hard-and-fast rule or 
formula can be applied. The exact conditions of each individual case produce a 
decision peculiar to that case. From a large number of such cases, however, certain 
concepts with wide borderlines may be derived. 

If a workman has had psoriasis for many years prior to engaging in an occupation, 
during the course of which his psoriasis has become worse, severe, more enormous, 
and more enhanced so that eventually he has been unable to continue at that par- 
ticular occupation, that is to say, the disease has become aggravated to a point of 
disability, then what would our opinion be in such a case? Our immediate reaction 
would be to say that the disability which eventuated was an industrial injury and to 
assume that the Industrial Accident Board would award him compensation therefor. 
Well, maybe the Board would so award, and again maybe it would not! 

In exactly such a case in Massachusetts (Louis Morelli, Massachusetts I. A. B. 
File No. 10302, 10528, 10529, 10530, 10531, 10667, and 10729), psoriasis of the 
palms developed in an edge setter after he had been working for 10 years. In the 
performance of his work, the edge setter painted the edges of the soles of shoes with 
a blacking compound and then pressed the edges against an electrically heated, 
vibrating iron. About six months after the onset of the eruption on the palms, 
psoriatic areas also developed on the soles. The edge setter was examined for the 
insurer, and an opinion was expressed that the condition was psoriasis not of occu- 
pational origin. The decision of the Massachusetts Industrial Accident Board on 
his claim for compensation was that “the employee . . . sustained an injury that 
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arose out of and in the course of his employment” and that “as a result of this injury 
he was totally disabled for work” for 13 weeks. 

Fourteen years later, this same worker was again referred for examination and 
opinion, this time by a different insurer for a different employer. Although there 
had been some variations in the intensity of the eruption, it had never been com- 
pletely clear during this interval of time. The edge setter worked for the first 
employer for about two years after the first industrial claim. Thereafter, he worked 
for six different employers, doing essentially the same type of work. The Board 
describes the interval of approximately 13 years in these words: “The employee 
has persistently pursued the same type of employment in the shoe industry, namely, 
edge trimming and edge setting, and notwithstanding that he has suffered inter- 
mittent repeated exacerbations and remissions of cracked and swollen hands, prin- 
cipally on their palmar surfaces, with rash, scaling, and redness, when the condition 
was acute and severe. . .” 

I should like to call particular attention to the words “exacerbations and remis- 
sions,” because they will be discussed later in some of the cases cited. A dermatolo- 
gist called as a witness by the employee at the last hearing testified that “the work 
as an edge trimmer and edge setter aggravated the basic condition of psoriasis.” One 
impartial dermatologist expressed the opinion to the Board that the employee “has 
an eruption which is psoriasis,” and that this is “a constitutional disease in which 
trauma ‘can be’ the ‘initiating’ cause” ; he also believed that “continued work handling 
stains, shoes, and other ingredients ‘could’ aggravate his [the edge setter’s] pso- 
riasis.” Another impartial dermatologist consulted by the Board expressed the 
opinion that “the condition which the employee suffers is psoriasis and is in no way 
causally related to his employment at any time.” 


The full Board, in their findings after review, made the following statement : 


We prefer to follow the opinion . . . that the condition which the employee has suffered is 
one of psoriasis, a nonindustrial disease, that such disease has not been aggravated by any of the 
employments against which claim is made on the record. . . . We find that the employee has 
not sustained the burden of proving that he has received a personal injury arising out of and in 
the course of his employment in the service of any of the employers against whom claim is 
made subsequent to the 1936 episode. We find further that the employee’s incapacity beginning on 
Sept. 9, 1949, is not causally related to his 1936 injury. 


Now here there seems, at first blush, to be a clear case of diametrically contra- 
dictory opinions by the same Board for the same employee, suffering from the same 
and continuing condition of psoriasis while engaged in the same industry. The two 
hearings differ from each other in that different employers are involved; they also 
differ in a matter of jurisdiction regarding one of the employers because of location 
in another state. Is it not possible that the apparently conflicting opinions of the 
different dermatologists, as well as of the legal experts, could be resolved if a defi- 
nition of certain key words was established, these words being acceptable to and 
agreed upon by dermatologists, attorneys-at-law, and Industrial Accident Boards? 
Such key words as aggravation, recurrence, flare-up, acceleration, exacerbation, and 
susceptibility, by their varying interpretations, have become determinating factors in 
costly and sometimes unnecessary legal controversies. The word aggravation is one 
of the principal offenders. 
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The factors in a contested case of industrial dermatitis which raise the question 
of aggravation have until now been considered to be questions of fact, not questions 
of law. Because Industrial Accident Boards sit as triers of facts when the decisions 
of such cases become the subjects of appeal to the Supreme Courts, the high Courts 
usually sustain the Boards. Because Supreme Court decisions set potent precedents, 
they establish the basis of argument. Thus, there has developed an authoritative 
background of precedent-setting cases which supply opposing counsel with ammu- 
nition on each side. In the state of Massachusetts there are several well-known 
Supreme Court decisions which are often quoted by opposing counsel. The Pan- 
agiotopoulos case (276 Massachusetts 601) is one of a shoe treer who worked for 
a succession of employers and then filed claim against the first one, although his 
dermatitis was continually present even through his work for the fourth employer. 
The Supreme Court, overruling the decision of the full Board, held the then present 
disability to be a new injury for which the last employer was liable. Subsequently, 
in the Wentworth case (284 Massachusetts 479), with a somewhat similar back- 
ground, the Supreme Court sustained the finding of the Board and held the first 
employer liable. 

Principally as a result of Supreme Court decisions, in Massachusetts the word 
aggravation often means to the Board and the Court that the employee's condition 
has been cleared or become dormant, that there is no physical evidence of dermatitis, 
that the employee then comes in contact with the same irritant or a different one, 
and that signs of dermatitis then develop. Such an interpretation does not seem 
to agree with the dictionary definition (as given in the opening paragraph). If 
the symptoms of a given disease become no longer physically evident and then after 


a lapse of time return, such a return seems to me to be more accurately described 
by the word recurrence. In fact, Blakiston’s first edition of the “New Gould Medi- 
cal Dictionary” defines this word as follows: “recurrence (L. recurrere, to run 
back), the return of symptoms or a disease.” In cases other than dermatitis, such 
as those of back injuries and cardiac cases, the legal interpretation of aggravation 
as a factor seems to be more uniform and consistent with common usage of the word. 


CLASSIFICATION OF AGGRAVATION TYPES OF INDUSTRIAL DERMATITIS 


Analysis of a large number of industrial dermatitis cases in which the factor of 
aggravation played an important part permitted all the cases to fall into one of the 
following five categories: (1) industrial dermatitis aggravated by a supervening 
nonindustrial condition ; (2) industrial dermatitis aggravated by a supervening other 
industrial condition arising out of and in the course of employment for the same 
employer; (3) industrial dermatitis aggravated by a supervening other industrial 
condition arising out of and in the course of employment for a different employer ; 
(4) industrial dermatitis aggravated by a preexisting nonindustrial condition, and 
(5) industrial dermatitis itself aggravating a preexisting nonindustrial condition. 

Let us discuss some medicolegal aspects of these five classifications. 

1. Industrial Dermatitis Aggravated by a Supervening Nonindustrial Condition. 
—Although it has generally been held by the Courts that the last injury, regardless 
of how severe or minor it may be, assumes the full liability, it has almost always 
been left to the Industrial Accident Board to find, as a fact, which injury of a suc- 
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cession of injuries is the one which caused the compensability at the time of claim 
(Rock’s case, 82 N. E. [2d] 618 [| Massachusetts, Dec. 2, 1948]). The effect of 
soap and water on industrial dermatitis is a matter of common knowledge to lawyers, 
Industrial Accident Boards ,and the Courts. There developed in a woman who 
worked as a seasoner in a leather tannery a dermatitis on the hands and forearms 
which arose out of and in the course of her employment. The woman became 
disabled for work and was advised to stay home to care for her dermatitis. Subse- 
quently, on several occasions, she used ordinary soap for household tasks and 
personal hygiene in spite of advice not to do so. Her dermatitis was prolonged by 
this nonindustrial aggravation. This was the last of a series of injuries. In every 
such case in which I have testified that such use of soap was an aggravating factor 
to the preexisting industrial dermatitis, the employee was granted compensation for 
the entire period of disability. 


As long ago as 1915, R. Prosser White made the following statement with 
clairvoyant astuteness : 


Considerable skill is often required to estimate the “degree of aggravation.” The practical 
issue to be decided is fortunately neither the extent nor even necessarily the bearing of the two 
diseases one upon the other. The opinion requested is usually to determine as to how far the 


combination [italics mine] prevents the workman from doing such work as enables him to earn 
his usual wage... .” 


It appears that the duty of the attending physician or the expert will have been 
fulfilled in such a case by his testimony of the facts as he finds them and by his 
opinion of the degree of disability resulting therefrom. He should not permit his 
own interpretation of the merits of the claim for compensation to influence his 
testimony in either direction to any degree. This is, of course, such a basic principle 
that it applies to every case. But to keep this in mind constantly in this type of 
medicolegal problem will result in freedom from embarrassing entanglements. It 
is the duty and responsibility of the Boards and the Courts to determine the length 
of the chain of these successive links for which industry is to be responsible. 


2. Industrial Dermatitis Aggravated by a Supervening Other Industrial Con- 
dition Arising out of and in the Course of Employment for the Same Employer.— 
A 35-year-old worker in a leather tannery operated a wringing machine. In this 
process, he handled hides which had just come from the tanning drums. After about 
three months, as a result of doing this work, dermatitis developed on his hands, fore- 
arms, and legs. He was incapacitated for work as a result of this dermatitis for 
several months. At the end of this time, his skin was almost but not completely 
clear, The employee, the employer, and the insurer were advised that, although the 
condition was not yet completely clear, the employee was at that point not incapaci- 
tated for dry, relatively clean work. Such work in the shipping room was arranged 
for the employee, but after working for several hours, he felt his hands and wrists 
become itchy and uncomfortable. At the end of the first day of work, his wrists 
and ankles were red and swollen. He stayed out of work for two days, after which 
the swelling went down and he was more comfortable. Then he resumed work in the 


shipping room for several hours, after which he became so uncomfortable that his 
superintendent advised him to go home. 


1. White, R. Prosser: The Dermatergoses, or Occupational Affections of the Skin, Ed. 4, 
London, H. K. Lewis & Co., Ltd., 1934. 
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In this case, there was a clear aggravation of the dermatitis, which had not yet 
completely cleared, by the two succeeding episodes which arose out of and during 
the course of employment for the same employer. At this point in this case, there 
would be no serious problem of medicolegal opinion, because the same insurer was 
still on the risk and had resumed payment of compensation. Assume, however, 
that in the interim while the employee was out of work recovering from the first 
exposure a new insurer went on the risk. Now, which insurer is to pay for the 
disability following the return of the employee to the shipping-room job? Well, if 
this case had involved the problem of a back strain, there would be a clearly defined 
precedence in the Moran case (321 Massachusetts 310). In this case, the Supreme 
Court said that “the insurer on the risk at the time of the second injury must be 
held liable to pay compensation . . ., although the earlier injury may have been a 
contributory cause or even the major contributory cause.” This seems quite sharp 
and clear in its definition of responsibility. And in another case of back strain, the 


Evans case (299 Massachusetts 435), the Supreme Court made the following state- 
ment: 


Where incapacity results from the combined effect of several distinct personal injuries 
received during the successive periods of coverage of different insurers, the result is not an 
apportionment of responsibility on the part of either or any insurer at the election of the employee. 
Only one insurer shall be liable. The subsequent incapacity must [italics mine] be paid for by 
the insurer who was on the risk at the last injury that bears causal relation to the incapacity. 


Let us examine a comparable case of dermatitis which went to the Supreme 
Court (Anna Sylva, Hearing No. 79485). There developed in a 42-year-old woman 
who was a hand seasoner in a leather tannery an incapacitating dermatitis which 
arose out of and in the course of her employment. After several months out of 
work and under treatment, she returned to work. Several more short attacks of 
dermatitis occurred, but these were treated; on April 14, 1941, the woman still had 
some residual lesions of an attack, which it was estimated would clear in about two 
to four weeks. Testimony at the hearing was to the effect that “shortly after that 
visit” the lesions cleared up completely and remained clear all summer. The woman 
returned to work on Sept. 31, 1941, and worked only two days. The evening of 
the second day her hands and face “swelled up,” and she stopped work. That-attack 
of dermatitis lasted longer than a year. During the summer of 1941 while she was 
away from work, a new insurer came on the risk. Which insurer should pay? 
Keeping in mind the Supreme Court decision in the Evans case (cited above), in 
which the dictum was that “incapacity must be paid for by the insurer who was on 
the risk at the last injury,” it seemed inconsistent that the Board should have found 
the first insurer liable. In a report to the Board, three industrial referees stated that 
the woman “was all right when she returned to work on Sept. 31,” but when she 
suffered an attack after a two-day exposure, they believed that she had a recurrence. 

In discussing this case, Dr. John G. Downing? has stated that, although one 
expert’s testimony in this case for establishing the fact that as a result of a two-day 
exposure on Sept. 31 and Oct. 1, 1941, the woman suffered a new injury [was] 
“logical and based on an intervening period when she was free from eruption,” 


2. Downing, John G.: The Dermatologist and the Industrial Accident Board, Indust. Med. 
14:655-672 (Aug.) 1945. 
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his “unfortunate use of the word flare-up befogged his testimony and rendered it 
useless to the commissioner.” The finding of the Board that the first insurer should 
pay for the last disability was allowed to stand by the Supreme Court. If Dr. Down- 
ing’s analysis of this case, that the interpretation of the word flare-up by the Board 
was the index to its decision, is a correct appraisal, then it is evident that the use of 
the key words mentioned in the earlier part of this discussion is loaded with pro- 
foundly serious possibilities. Up to now, in discussing these two classifications of 
aggravation in industrial dermatitis, we have discovered that, regardless of how we 
testify, there does not yet seem to be a consistent disposition of these cases by the 
Board or by the Courts. 


3. Industrial Dermatitis Aggravated by Supervening Other Industrial Condition 
Arising Out of and in the Course of Employment for a Different Employer—From 
our medical perception of the factors in this type of a problem, we have every reason 
to expect even more complications in the decisions of the Boards and the Courts 
than in the two preceding classifications. The following two cases will confirm our 
apprehensions in this respect. 

On Aug. 24, 1951, a 55-year-old shoe worker was referred by an insurer for an 
examination and an opinion. He had been working for the present employer for 
about 20 months as a treer. In this operation, while the shoe is on a wooden 
“tree,” its imperfections are treated by various solutions, and finishes are applied 
by means of a cloth or sponge held in the bare hand; then the shoe is ironed by 
means of a specially designed electrically heated iron. The man said that before he 
started work at this shoe factory his hands were “pretty good.” About a month 
before my examination, symptoms of dermatitis developed on both hands of the 
shoe treer, and it happened that two weeks before he had had a run of red and green 
calf shoes and of black patent leather shoes. These required the use of an extra 
amount of patent leather cleaner, compo cement cleaner, naphtha, and other such 
chemicals, and the man’s hands became so bad that he “couldn’t stand it” and had 
to stop work on Aug. 11, 1951. He had a moderately severe dermatitis of both 
hands, especially on the ends of the three middle fingers of the right hand. Several 
finger nails also showed deformities which indicated long-standing inflammation in 
the past. 

The opinion expressed to the insurer was that the present condition developed 
as a result of the treer’s contact with chemicals, as described in the history. He 
was disabled for this work for an estimated period of from four to six weeks longer. 
If he returned to the same work, other attacks of dermatitis would probably develop. 
This was a reasonably safe prognosis, because this man’s name has become 
practically a magic password in Massachusetts and is probably familiar to students 
of workmen’s compensation nationally and internationally; his name is Panagi- 
otopoulos. 


More than 20 years ago, the Supreme Court of Massachusetts reversed the 

decisions of the Board in two hearings on his claims (Panagiotopoulos case, 276 
Massachusetts 601). Hardly a case of dermatitis is discussed before the Board 
today without reference to this case. The man was employed as a treer by employer 
A. Dermatitis developed in July, 1929, and he was out two weeks. He then worked | 
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for Employer B for two weeks, dermatitis developed, and he was out till January, 
1930. He then worked for Employer C, but after two weeks, he was out because 
of dermatitis. Then he worked for Employer D until February, 1930, when he 
again was out with dermatitis. He claimed compensation from Employer A on the 
basis that his hands had never cleared through his employment with A and B. He 
later testified that when he went to work for Employer C his hands were fairly 
clear, The Board awarded him compensation against Employer A at the first hearing 
involving Employer A and B on the basis that “the condition which incapacitated 
the employee was not materially affected by his subsequent employment elsewhere” 
and that “all his incapacity was due to the injury received while working for” 
Employer A. At the second hearing involving Employers C and D, the Board found 
that his incapacity was still due to the injury he received while working for Employer 
A. In reversing these decisions, the Supreme Court took note that when the treer 
went to work for Employer C his hands had been fairly clear; it also noted medical 
testimony that if he had stayed away from the irritants subsequently he would not 
have had the other conditions. The Court issued the following statement: “It is to 
be noted that each of these employers took the claimant in his then present condition, 
even to the extent of responsibility for incapacity resulting from acceleration by 
injury of a preexisting disease.” Sincé*then, he has had more than one case against 
other employers, and he has collected compensation against each new employer 
on the basis that each was a new injury. 


Before we become lulled into a feeling of complacency that we now have a clear 
precedent for this type of case, let us look at the Lambert case (325 Massachusetts 
516) which is quite recent. In this case dermatitis developed while the man was 
working for Employer A in December, 1947 ; he stopped work in March, 1948. He 
was awarded compensation against employer A from March 29, 1948, to April 26, 
1948. He then went to work for Employer B in a different industry. He testified that 
he was not completely cured, and his physician testified that his condition was a con- 
tinuation of one process which started in December, 1947, and that the skin “never 
completely cleared.” The physician testified that the employee “had exacerbations.” 
The insurer for Employer A interpreted the word exacerbation as aggravation and 
claimed second injury on the premise that the second employer took the employee 
as he found him. This follows the argument in the Panagiotopoulos case, that each 
employer “took the claimant in his then present condition, even to the extent of 
responsibility for incapacity resulting from acceleration [italics mine] by injury of 
a preexisting disease.” The Supreme Court sustained the Board in its opinion that 
the word exacerbation had been loosely used and that the insurer for Employer A 
should continue compensation. 


It is important at this point to note the use of the word acceleration by the Court 
and to note the attitude of the Board to the use of the word exacerbation by the 
physician. Blakiston’s “New Gould Medical Dictionary” defines the latter as 
follows: “exacerbation (L. exacerbatio, from exacerbare, to irritate), increase the 
manifestations of a disease.” 


4. Industrial Dermatitis Aggravated by a Preexisting Nonindustrial Condition. 
—A fairly common example of this type of aggravation is the case of activé dermato- 
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phytosis of the feet which produces allergic phytid reaction on the hands at a time 
when they are also affected by industrial dermatitis. It becomes extraordinarily dif- 
ficult in such a case to assess with any degree of certainty the relative weight of 
each of these two conditions. It is even more difficult to determine when or if one 
condition has cleared up and the other is still present. The objective symptoms are 
quite likely to resemble each other. The principle enunciated by Prosser White, 
that the disability due to the combination is the important decision by the physician, 
applies to this category of aggravation in most cases. 

In some combinations, the identification of each component is not difficult. A 
young man, 18 years old, started working as a gasoline station attendant in Sep- 
tember, 1951. About three months later, his hands became cracked and sore, and 
when his family physician saw him on Jan. 5, 1952, there were many fissures on both 
hands, with inflammation and secondary pus infection. By the end of January, the 
intection, deep fissures, and inflammation had disappeared, but there was left an 
extremely dry condition of the palms and the backs of the hands. On March 28, 
1952, the young man was examined at the request of the insurer, because he was 
still complaining about the dryness of his hands and had not yet returned to work. 
On persistent questioning, he admitted that he had had a dry skin all his life and 
that his sister had also had a dry skin all her life; furthermore, as far as he knew, 
no other member of his family and none of his ancestors had had a similar skin, but 
he was not certain of this. Examination disclosed a typical, moderately severe, 
generalized ichthyosis. The dermatitis of the hands described in the history had 
apparently completely cleared. 

The opinion expressed to the insurer was that the peculiar, congenital skin con- 
dition then present was not related to the occupational dermatitis which had devel- 
oped the preceding December. The young man was completely recovered from the 
occupational dermatitis, and any further disability resulting from the nature of his 
skin was not related to the work he had performed at the gasoline station but was 
due to an inherent defect of his skin. It was also considered highly inadvisable for 
him to engage in any occupation which would require him to come into contact with 
solvents or petroleum distillate products. 

Traumatic ulcers on the legs may be aggravated by a preexisting hypostatic 
dermatitis from varicose veins ; occupational oil folliculitis may be aggravated by a 
preexisting acne vulgaris; many other combinations of this class are undoubtedly 
common in the experiences of dermatologists who treat patients with industrial 
dermatitis. To reiterate, the most careful study must often be made to decide when 
the industrial component has ceased to contribute to the disability. 

5. Industrial Dermatitis Itself Aggravating a Preexisting Nonindustrial Con- 
dition —Cases falling into this category are probably the least numerous of those 
in the five categories. Patients with long-standing, adult-type, disseminated neuro- 
dermatitis, who work in industries where they may come into contact with chemical 
irritants or with a humid, high-temperature environment, are prone to episodes of 
aggravation of their neurodermatitis by the mechanical, physical, or chemical factors 
of their occupation. The consequent period of disability is usually longer than for 
a comparable injury in an employee with an apparently normal skin. Altruistic 
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cooperation by the patient is often necessary to establish the earliest point of time of 
restoration to the status previous to the injury. 

Psoriasis aggravated by industrial dermatitis is probably the commonest combi- 
nation in this category. This particular problem has already been discussed at some 
length above in the Morelli case. If the psoriasis happens to be limited to the palms 
or even, as in some cases, to one palm, then the diagnostic acumen of the dermatolo- 
gist may receive its severest test. Often the true condition may be recognized only 
in retrospect after other typical lesions have appeared elsewhere. Even if suspected 
early, it is not always easy to confirm a suspicion of palmar psoriasis ; usually, neither 
the patient nor his palm take kindly to a biopsy. 

Syphilis, lupus erythematosus, chronic pustular acrodermatitis, hypostatic der- 
matitis of the legs due to varicose veins, seborrheic dermatitis, mycosis fungoides, 
Hodgkin’s disease of the skin, poikiloderma atrophicans, and miliara among others 
have been aggravated by supervening industrial dermatitis. As with the preceding 
group, the important medicolegal decision for the expert to make is as follows: 


When has the disability from the combination ceased and is no longer of industrial 
causation ? 


In addition to the five aggravation types of industrial dermatitis, attention 
should be called to another well-recognized type of dermatitis resulting from aggra- 
vation by treatment, particularly since the advent of the newer chemotherapeutic 
agents, such as the local anesthetics, the sulfonamides, and the antibiotics. Many 
cases of industrial dermatitis (as well as almost all other skin diseases) are aggra- 
vated by the use of external (and internal) medications, either by their effect of 
direct irritation or by their sensitizing action. These untoward results arise because 
of the advice of druggists, well-meaning lay friends, first-aid personnel, nurses, the 
patient himself, and the physician. Such aggravation, when it does occur, will be a 
part of and a continuation of the particular episode with which it is concerned, and 
it will not change the medicolegal classification here proposed. 


CONCLUSIONS 


Aggravation, as a factor in industrial dermatitis, in many cases assumes a heavy 
share in the cost of disability, loss of production, and expense. Aggravation may 
be more clearly analyzed in any particular claim if placed in one of the five classi- 
fications here described. Because of the importance of the use of and the apparent 
varying interpretation of the word aggravation by medical experts, by attorneys for 
employees and for insurers, and by Industrial Accident Boards, it is suggested that 
some means be developed by all interested parties for a reasonably acceptable (uni- 
versal?) interpretation of this word. Other related key words could with great profit 
also be so interpreted. 

There already exists a precedent for the legal interpretation of important words 
in Section 1 of the Workmen’s Compensation Act of the Commonwealth of Massa- 
chusetts. In this Section, the first sentence reads as follows: “The following words 
as used in this chapter shall, unless a different meaning is plainly required by the 
context or specifically prescribed, have the following meanings.” Then follow defi- 
nitions and interpretations of such words as department, employee, employer, per- 
sonal injury, etc. 
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The word aggravation as well as other key words, should be defined and inter- 
preted by statute for efficient use in medicolegal terminology, especially with refer- 
ence to industrial dermatitis. A definition is suggested as follows: 


Aggravation, act of making worse, making severer, causing an increase in the dis- 
ability from a condition which still gives demonstrable evidence of its presence 
and existence: (1) aggravation by a supervening nonindustrial condition; (2) 
aggravation by a supervening other industrial condition arising out of and in the 
course of employment for the same employer; (3) aggravation by a supervening 
other industrial condition arising out of and in the course of employment for a dif- 
ferent employer; (4) aggravation by a preexisting nonindustrial condition, and 
(5) aggravation of a preexisting nonindustrial condition by a supervening industrial 
condition. 


NICKEL CARBONYL POISONING 
Report of a Case 


JOHN L. CARMICHAEL, M.D. 
BIRMINGHAM, ALA. 


OISONING with nickel carbonyl has been rare, especially in this country. It 

has been reported more frequently in other countries, such as England and 
Germany. Nickel carbonyl has been used increasingly as a catalyst in the chemical 
industry, first in Germany and more recently in the United States.’ For this reason, 
industrial physicians may be confronted much oftener in the future than in the past 
with the problem of nickel carbonyl poisoning. 

A careful search of the English literature for the past 20 years reveals only a 
few papers dealing with nickel carbonyl poisoning. One of these was published in 
1932 by Amor ? in England and another in 1934 by Brandes * in the United States. 
A third was published in 1951 by Barnes and Denz * in England. During this time 
also very few papers have appeared in the non-English literature. A case recently 
encountered has prompted a review of the literature and this report. 


REPORT OF CASE 


O. W., a 26-year-old white man, was brought to my office on April 22, 1952. He had been 
overcome by gas when in his work he had opened a presumably empty chemical reaction vessel. 
An undetermined amount of carbon monoxide and 2 or 3 oz. (60 or 90 cc.) of nickel carbonyl 
had escaped from this vessel. The nickel carbonyl had spilled on the floor. The patient was in 
contact with the fumes of this nickel carbonyl for only a few minutes. One or two drops 
of the nickel carbonyl may have spilled on his hand. This was not certainly established. About 
30 minutes later, he experienced a faintness and dizziness. When seen in the office about one hour 
after the accident, he had apparently recovered and felt few if any ill effects. He stated that he 
had been away from work for two days because of a respiratory infection and had returned to 
work on the day of the accident. After examination in the office he was sent home for rest. 

On the day after the accident, O. W. reported to Dr. Wm. E. Doggett Jr., the physician who 
had treated him for the respiratory infection, that headache and a severe relatively nonproductive 
cough had developed. On the third day after the accident, his sypmtoms became so severe that 
he was admitted to the East End Memorial Hospital, in Birmingham. His complaint on 
admission, according to the hosiptal record, was a cold, a cough, and chest pain. He had a feeling 
of suffocation and a severe cough which caused much anterior chest pain. This was a sharp 
lancinating type of pain. According to his physician’s record the patient stated that he had 
complained of not being well for the past two months. The patient also stated that he had 
felt tired and that he thought he might be getting too much carbon monoxide at his work. 


1. Bordenca, C.: Personal communication to the author. 
2. Amor, A. J.: Toxicology of Carbonyls, J. Indust. Hyg. 14:216-221 (June) 1932. 


3. Brandes, W. W.: Nickel Carbonyl Poisoning: Report of Case, J. A. M. A. 102:1204- 
1206 (April 14) 1934. 


4. Barnes, J. M., and Denz, F. A.: The Effect of 2-3 Dimercapto-Propanol (BAL) on 
Experimental Nickel Carbonyl Poisoning, Brit. J. Indust. Med. 8:117-126 (July) 1951. 
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Physical examination revealed a well-developed and well-nourished white man, 26 years old. 
Blood pressure was 130/70; pulse rate, 80 per minute, and respiratory rate, 26 per minute. The 
pupils were normal and reacted to light and distance. Diminished breath sounds were noted 
on the right. Some diminution in the thoracic excursion was observed. The cardiovascular 
examination revealed a normal sinus arrhythmia, with no murmur or friction rub but an apical 
impulse diffuse and heaving in character. There was no lymphadenopathy. The abdomen was 
normal. 

Laboratory findings on admission on April 25, 1952, were as follows: red blood cell count, 
5,030,000 ; total white blood cell count, 9,100, with 74% segmented forms, 4% mononuclears, 2% 
basophiles, and 2% lymphocytes, hemoglobin value, 17.4 gm. or 112%. 

Urinalysis showed a 4+ reaction for albumin, 3 to 5 white blood cells per high-power field, 
occasional red blood cells, and 80 to 90 hyaline casts per high-power field. 

X-ray of the chest on day of admission, as read by Dr. P. A. Morgan Jr., revealed “a diffuse 
bilateral upper lobe infiltration somewhat fibrotic in appearance; hilar areas are prominent 
bilaterally particularly the left.” 

On April 26, the urine showed only a trace of albumin, and there were only 7 to 9 casts per 
high-power field. On April 28, there was no albumin, nor were there any casts in the urine. 
The treatment in the hospital by Dr. Doggett was supportive and sedative. The patient was 
placed under an oxygen tent. Penicillin and chloramphenicol (Chloromycetin) were administered. 
Narcotics were given for pain and cough. When I visited the patient on the day after admission 
to the hospital, he appeared in acute distress. His expression was anxious. His face was quite 
red although his temperature was normal. His respiration was very rapid, apparently due 
partly to an effort to suppress a constant desire to cough. He was so short of breath that even 
talking seemed to exhaust him. His pulse was rapid but regular and of fair volume. Moist 
crepitant rales were noted over both lung fields. His condition appeared critical. 

The patient improved slowly. On April 28, six days after the accident, his blood contained 
3.5 vol.% of carbon monoxide.5 Improvement was rapid, however, during the next two days, 
and a test on April 30 revealed the blood carbon monoxide to be absent. Dr. Doggett reports 
now, six months after the accident, that the patient’s subsequent recovery was rapid. He reports 
also that there have apparently been no sequelae. 


COMMENT 


Nickel carbonyl, along with other carbonyls, was discovered in 1890 by Mond, 
Langer, and Quincke.? It is a compound of nickel and carbon monoxide, of the 
formula Ni(CO),4, formed by passing carbon 1u0noxide over finely divided nickel. 
The process is reversible so that some dissociation to carbon monoxide and nickel 
occurs at room temperature. Nickel carbonyl is a heavy colorless liquid, with a 
specific gravity of 1.38 and a boiling point of 44 C. It is attacked by oxidizing 
agents, such as nitric acid, and there is liberation of carbon monoxide, with the 
formation of a salt of the nickel. 

Armit ° assumed, on the basis of experimental work, that on inhalation nickel 
carbonyl dissociates in the lung, with deposition of nickel hydrate or nickel 
carbonate. He assumed that the immediate symptoms were due to the formation 
of carboxyhemoglobin from the liberated carbon monoxide, just as in ordinary 
carbon monoxide poisoning. Frequently, as in the case reported here, carbon 
monoxide other than that derived from the nickel carbonyl is present along with 
the nickel carbonyl, so that the physician cannot know how much of the early 
symptoms may be due to ordinary carbon monoxide poisoning. 


5. This determination of carbon monoxide was performed by Mr. A. L. Siegel in Dr. Richard 
Bing’s laboratory, Department of Medicine, Medical College of Alabama. The method used was 
that of D. D. Van Slyke and J. M. Neill. 


6. Armit, H. W.: Toxicology of Nickel Carbonyl, J. Hyg. 7:525-551, 1907. 


| 


CARMICHAEL—NICKEL CARBONYL POISONING 145 


The carbon monoxide poisoning derived from the nickel carbonyl must be 
negligible, since Armit® found that the amount of carbon monoxide liberated on 
dissociation from a minimal lethal dose of nickel carbonyl gave only a 5% hemo- 
globin saturation. 

Amor * objects to the assumption that significant dissociation to carbon monoxide 
occurs in the lungs and believes that the nickel carbonyl is absorbed unchanged. 
He believes that the pathology in the lungs is due to damage to the pulmonary 
epithelium by the passage of the unchanged nickel carbonyl through it and that the 
damage to the central nervous system is likewise caused by the nickel carbonyl. 
In support of this theory, he reports a private communication from Prof. Haldane 
in 1903 in which Haldane stated that he had been unable to find carboxyhemoglobin 
in the blood of mice which had been poisoned with nickel carbonyl. Amor believes 
also that the changes in the central nervous system are much severer than those 
associated with carbon monoxide poisoning. He thinks that the presence of nickel 
in the liver and urine warrants the assumption that the carbonyl has entered the 
blood stream unchanged. 

Contrary to Prof. Haldane’s failure te find carboxyhemoglobin in the blood of 
mice, the blood of our patient was found to have 3.5 vol. % of carbon monoxide 
on the sixth day after the exposure. What the meaning of this finding is we are not 
sure. One possible conclusion would be that it indicated a continuous dissociation 
of carbon monoxide from the nickel carbonyl for six days. The negative test on the 
eighth day would indicate that this dissociation of carbon monoxide had been 
complete. It seems unlikely that there was enough exposure to carbon monoxide 
at the time of the accident to have caused so high a concentration in the blood at 
the end of six days. This finding should be checked in future cases of such poisoning. 

Others have suggested that anoxia may have caused the capillary hemorrhage 
in the central nervous system. The greater degree of brain damage may have been 
due to the greater anoxia resulting from the great pulmonary involvement which 
prevented oxygen and carbon dioxide exchange in the lung. 

It is possible that the nickel is absorbed in the form of a salt after dissociation 
of the carbon monoxide. Certainly it seems that in the case reported here the early 
symptoms of faintness and dizziness, with the rapid recovery on removal to 
uncontaminated air, could well have been due to a moderate degree of carboxy- 
hemoglobinemia. 

Whatever the cause of the early symptoms, it seems likely that the late and 
important symptoms are due to the nickel carbonyl poisoning. The pathologic 
changes are revealed in the autopsied cases and especially in the experimental work. 
The lungs are heavy, wet, and more or less diffusely solid. Microscopically, there 
is marked dilatation of capillaries in the submucosal and interalveolar areas. There 
is marked desquamation of the alveolar epithelium into the alveoli, and the alveoli 
are filled with what appears to be a transudate. There are almost no cellular elements. 
After several days there occurs some peribronchial infiltration of round cells. The 
filling of the alveoli may be so general as to involve almost all of the alveoli. 


The changes in the central nervous system are those of fine capillary hemor- 
rhages. 
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In the circulatory system, no characteristic changes are found. The predominant 
symptoms at death are those of right heart failure. The right ventricle and pulmonary 
arteries are dilated, as would be expected from greatly increased resistance in the 
pulmonary vascular bed. 

The experimental work of Barnes and Denz * on rats and rabbits confirms most 
of the previous conceptions of the pathologic changes and gives a clearer under- 
standing of the evolution of those changes. They found in rats, dying within two 
hours of the end of exposure, gross pulmonary edema and in one rat widespread 
capillary hemorrhages. In four rats killed three hours after exposure, they found 
marked capillary congestion but only slight pulmonary edema confined usually to 
isolated lobules. The interstitial tissue around the bronchi and large blood vessels 
was edematous, and the lymphatics were dilated. These investigators found the 
most striking pathological change at this stage to be focal pulmonary hemorrhages. 

The lesions remained much the same for the next 9 to 12 hours. A marked 
change occurred, however, between 15 and 24 hours after exposure. Pulmonary 
edema increased, and by the end of 24 hours the alveoli were filled with a protein 
containing fluid. Edema of the interstitial tissue and lymphatic dilatation were 
still present. The edema persisted through the second and the third day, and all 
animals dying during this period showed massive pulmonary edema. Damage to 
the bronchi and the bronchioles was very slight at all stages. 

From the fourth day on, the pulmonary edema regressed, and areas of atelectasis 
were left at the apices and beneath the pleura. At this stage considerable invasion 
of the alveoli by neutrophile leucocytes occurred but on a less extensive scale than 
in true pneumonic consolidation. The areas of hemorrhage and collapse were 
infiltrated with neutrophiles, lymphocytes, macrophages, fibroblasts, and reticulum 
cells. Within a few more days the alveoli filled with young connective tissue and 
reticulum fibers. Collagen was apparently still absent. Barnes and Denz found in 
the expanded part of the lung that the normal thin alveoli wall was replaced by a 
thick cellular and fibrillar structure of young connective tissue and reticulum fibers. 

The surviving rats were killed at intervals for several months. Extensive diffuse 
fibrosis existed in every rat that was examined between one and four months after 
exposure. There were aggregations of connective tissue throughout the interstitial 
tissue, and thick collagen fibers were present. These fibrous changes reached a 
maximum at about three months and then resolved slowly. The resolution varied 
from rat to rat, but animals examined a year or more after exposure failed to show 
either excess of fibrous tissue or any other evidence of damage. 

Barnes and Denz* report further that the liver, kidneys, brain, and spleen 
of rats exposed to a single dose of the nickel carbonyl failed to reveal any lesions 
that could be attributed to the action of the nickel carbonyl. 

The symptoms, as gathered from the literature,” in the severe cases closely 
follow the pattern one would expect from the pathologic changes described. The 
symptoms coming on within a few minutes after inhalation of the gas are feelings 
of malaise, giddiness, headache, and nausea. The patient soon recovers from these 
symptoms on removal into fresh air. 


7. Amor.? Brandes. Barnes and Denz.* Armit.® 


| 
| 


CARMICHAEL—NICKEL CARBONYL POISONING 147 


A delayed reaction occurring after 12 to 36 hours is characterized by dyspnea 
and cyanosis and a distressing relatively nonproductive cough. These symptoms 
progressively increase. There is marked substernal pain; fever begins after several 
days. The pulse, not excessively rapid at first, becomes rapid out of all proportion 
to the fever. 

There is, in the early stage, a marked diminution of the movements of the chest. 
In the case reported above, this would seem to be due, as was the rapid respiration, 
to the patient’s attempt to inhibit the harassing cough. At the end of the first day, 
there is a general increase of vocal fremitus. There is some percussion dullness. 
The breath sounds are harsh, as in bronchial breathing, and inspiratory and expira- 
tory sounds tend to be equal in length. Fine crepitations may be heard on the third 
day. Accentuation of the pulmonic second sound occurs early. Cardiac dilatation 
sets in later, and the impulse at the apex becomes more diffuse. Amor? states 
that there is never any marked clinical evidence of organic damage to the central 
nervous system. Slight jaundice may develop on the second or third day. 

The blood picture is not characteristic. One author has reported a leucocytosis 
and another a leucopenia. The urine may show albumin. The chest x-ray findings 
are suggestive of an atypical pneumonitis. There is peribronchial infiltration in the 
early stages of some cases. 

The treatment is only symptomatic and supportive. Sedatives are useful for 
the cough and narcotics for pain. Oxygen under tent, with humidity and tempera- 
ture regulated to avoid bronchial irritation, is quite helpful. Measures directed to 
prevent or treat right heart failure should be instituted. Antibiotics should be given 
to minimize the chance of pulmonary infection. The effect of dimercaprol (BAL) 
on this type of poisoning was investigated by Barnes and Denz.* They found that 
dimercaprol given prophylactically in rats, gave some protection, but given thera- 
peutically it has no helpful effect and in some doses of the nickel carbonyl it had 
a harmful effect. In rabbits, however, the dimercaprol seemed to have had some 
protective effect when given therapeutically. 

The prognosis depends on the amount of exposure. The appreciable vapor 
pressure at room temperature of nickel carbonyl permits high exposure concentra- 
tions in the air of workrooms if large surface areas of the liquid are exposed to the 
air. The patient whose case was reported by Brandes * died on the seventh day 
after the accident. One of the patients reported by Bayer * died on the fourth day, 
and the other, although the report is not clear, died promptly, which must have 
been on the third or fourth day. In the milder cases, according to Bayer,* recovery 
of the patients takes place in from 8 to 14 days, or the condition becomes progres- 
sively worse and the patient dies in heart failure, with pulmonary edema, after sev- 
eral additional days. In the case reported here, recovery was rapid, beginning about 
the sixth day after the accident, and the patient left the hospital on the eighth day 
after the accident. Of interest in this connection is the finding of Barnes and Denz * 
that the most rapid elimination of the nickel from the lungs of rats occurred the first 
two days and that most of the nickel had ben eliminated by the seventh day. 


8. Bayer, O.: Beitrag zur Toxikologie, Klinik und pathologischen Anatomie der Nickel- 
karbonylvergiftung, Arch. Gewerbepath. u. Gewerbehyg. 9:592-606, 1939. 
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There are apparently no sequelae when the patient has recovered from the 
exposure. Nothing was found in the literature to indicate what would happen if 
over a considerable length of time a worker were exposed to amounts of the nickel 
carbonyl sufficient to produce only subclinical changes. One wonders if there 
would be a progressive pulmonary fibrosis and perhaps emphysema. The patient 
whose case is reported here seems to have had no residual disease. The work of 
Barnes and Denz * indicates that what fibrosis occurs in the lungs of a surviving 
patient eventually resolves. 


SUMMARY 


A case of nonfatal nickel carbonyl poisoning is reported. A short review of 
the literature on nickel carbonyl poisoning is presented. 


Dr. Carl Bordenca, Dr. Wm. E. Doggett Jr., Dr. Richard Bing, and Mr. A. L. Siegel 
rendered assistance in making this report; the East End Memorial Hospital, of Birmingham, 
Ala., also made available the records of the case described here. 
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KIDNEY INJURY AFTER CHRONIC EXPOSURE TO INORGANIC MERCURY 


LARS FRIBERG, M.D. 
TOMTEBODA, SWEDEN 
SVEN HAMMARSTROM, M.D. 


SUNDSVALL, SWEDEN 
AND 


AKE NYSTROM, M.D. 
STOCKHOLM, SWEDEN 


IDNEY injury is a characteristic sign of acute poisoning from inorganic 

mercury. The manifestations of chronic poisoning, on the other hand, are 
different, and the view taken in most modern handbooks on occupational medicine 
seems to be that kidney injury does not occur in such cases. 

In earlier literature ' we find observations of proteinuria in workers exposed to 
mercury. In this connection, however, the proteinuria appears to have occurred as 
a phase in an acute or subacute poisoning. Industrial poisonings of this kind are 
now very rare. 

Despite the fact that several investigations of workers exposed to mercury have 
been published, there are, as far as we know, only a few reports of kidney injury 
as a sign of chronic poisoning. Neal and Jones,? in an investigation of about 500 
workers exposed to mercury fumes (0.06 to 0.7 mg. of mercury per cubic meter 
of air), found a somewhat more frequent occurrence of proteinuria, but they did 
not consider it possible to draw any definite conclusions as to an eventual connec- 
tion. Neal, Flinn, and associates * examined about 500 other workers exposed to 
mercury fumes (0.02-0.5 mg. Hg/m.* air). Among workers who were considered 
to show symptoms of mercury poisoning the authors found a somewhat higher 
frequency of proteinuria than among other workers. The investigation did not, 
however, give any definite evidence of a connection between chronic mercury 
poisoning and proteinuria. Riva‘ discussed the question of possible kidney injury 
in cases of chronic mercury poisoning, and he is of the opinion that a chronic 


From the Department of Occupational Hygiene, National Institute of Public Health, 
Tomteboda; the Medical Department of the Sundsvall Hospital, Sundsvall, and the Occupational 
Medical Department, the Karolinska Hospital, Stockholm, Sweden. 

1. Zanger, H.: Erfahrungen iiber Quecksilbervergiftungen, Arch. Gewerbepath. u. Gewer- 
behyg. 1:539, 1930. Biondi, C.: Uber die Vergiftung durch Quecksilberdampfe und Quecksilber- 
verbindungen und die symtomatologischen und physio-pathologischen Differenzen, Arch. Gewer- 
bepath. u. Gewerbehyg. 1:754, 1930. 

2. Neal, P., and Jones, R.: Chronic Mercurialism in the Hatters Fur-Cutting Industry, 
J. A. M. A. 110:337, 1938. 

3. Neal, P.; Flinn, R., and others: Mercurialism and Its Control in the Felt-Hat Industry, 
Bulletin 263, Federal Security Agency, United States Public Health Service, 1941. 

4. Riva, G.: Zur Frage der chronischen Quecksilbernephrose, Helvet. med. acta 12:539, 
1945. 
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mercury nephrosis may occur. He describes two cases of mercury nephrosis in 
workers who had been exposed for five months and three years, respectively, to 
mercury fumes in an ammunition factory. In both cases there was a massive 
albuminuria (0.5 and 0.8%, respectively) and hypoproteinemia (5.9 and 4.8%, 
respectively ), whereas the usual symptoms of chronic mercury poisoning, on the 
other hand, were absent. No more detailed information concerning the degree of 
the exposure was given, except for the fact that mercury was demonstrable in the 
urine. The author suggests the possibility of chronic mercury nephrosis arising 
as a consequence of hypersensitivity to mercury. Ledergerber® gives an account 
of a number of deaths in an ammunition factory in which there was exposure to 
mercury fumes. In the case of one worker the cause of death was considered to 
be kidney injury due to mercury. During the years 1942 to 1944 at the factory 
in question there occurred pronounced nephrosis among eight workers (3% of 
the employees). Ledergerber does not give any details concerning the degree of 
exposure, but he mentions that the air in the workshops contained 5007 Hg/m.* and 
that the mercury content in the urine often amounted to more than 1,000y per liter. 

In Sweden there have been only a few reports of chronic mercury poisoning. 
In one of these * the question of kidney injury, among other things, is discussed. 
The investigation in question covered 91 workers, the majority of whom had for 
several years been employed in an electrochemical industry and were exposed to 
mercury fumes (urine values in about half of the cases exceeded 300y Hg/liter ). 
In seven cases definite chronic mercury poisoning was considered to exist, with 
tremor as the most prominent sign. Proteinuria occurred in four cases, but no 
picture of nephrosis was observed. Two of these cases occurred in workers who 
belonged to the above-mentioned group of workers suffering from mercury poison- 
ing. Of those two workers, one had been treated previously for cardiac decompen- 
sation, and in the other it was possible to show albuminuria on only one occasion. 
The other two workers had been exposed to mercury for only about one year. In 
the light of the observed results the author did not consider it probable that the 
albuminuria was an expression of mercury poisoning. 

Since the above-mentioned investigation we have observed two cases of pro- 
nounced nephrosis in workers in another factory where about 50 workers were 
exposed to mercury fumes. 


REPORT OF CASES 


Case 1.—K. G., born in 1895 and formerly a seaman, had been employed since April, 1951, 
in an electrochemical industry for the production of chlorine and in this connection had been 
exposed to metallic mercury. 

He was hospitalized in 1947 and 1950, but during these stays in the hospital no protein was 
observed in the urine. 

He consulted a physician on Dec. 10, 1951, for fatigue and irritability. A physical examination 
showed no albuminuria and nothing else that was noteworthy. His fatigue increased, however, and 
edema of the face and ankles developed. On the occasion of a new medical consultation on Feb. 
19, 1952, protein was seen in the urine (1.2 gm. per 100 cc.), and he was hospitalized in his home 
town until March 10, 1952. Proteinuria was observed during the whole period that he was in the 


5. Ledergerber, E.: Einiges zu den Todesfallen und iiber die zum Tode fithrenden Erkrank- 
ungen der Arbeiter der Ziindkapselfabrikation, Schweiz. med. Wchnschr. 30:263, 1949. 


6. Friberg, L.: Aspects of Chronic Poisoning with Inorganic Mercury, Nord. hyg. tidskr. 
32:240, 1951. 
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hospital (0.9 to 1.5 gm. per 100 cc.). Microscopic examination of the urine showed an abundance 
of hyaline casts. The blood pressure was 155/110. The amounts of urine varied between 300 and 
750 ml. The nonprotein nitrogen was 41, 52, and 39 mg. per 100 cc. The cretinine clearance was 
normal. The fractionated protein determination in the blood showed total protein 4.3 gm., albumin 
1.8 gm., and globulin 2.5 gm. per 100 cc. The sedimentation rate (normal value < 10 mm. per 
hour) considerably increased to about 100 mm. per hour. 

The patient was transferred on March 11 to the Occupational Medical Department of the 
Karolinska Hospital and was kept there until March 27. He still had ankle edema. His blood 
pressure was 120/95. He still showed protein in the urine (0.9 to 2.0 gm. per 100 cc.). Micro- 
scopic examination of the urine showed numerous hyaline casts. The amounts of urine voided 
varied between 550 and 1,300 ml. per 24 hours. Electrophoretic analysis of the blood plasma 
showed values typical for nephrosis. In the course of hospitalization the edema disappeared. 

After discharge from the Occupational Medical Department the patient was treated at the 
hospital of his home town until May 20. At the time of discharge from that hospital he still had 
large quantities of protein in the urine. 

He has since been examined as an outpatient once a month. He has shown gradual improve- 
ment and since Aug. 1 has had no protein in the urine. The serum protein and sedimentation rate 
have likewise become normal. A skin test performed with mercury gave a negative result. The 
patient has been working outside the factory since Oct. 10, 1952. 

Case 2.—O. W., born in 1907 and formerly a shoemaker, had been employed since April, 
1951, in the same electrochemical industry as the above-mentioned K. G. and in this connection 
had been exposed to metallic mercury. 

He had been hospitalized for anemia in 1925, but since that time he had generally been 
healthy and able to work. A routine examination of employees at the factory in question in 
January, 1952, revealed protein in the urine of this patient. The patient was asymptomatic, 
however, and it was not until about one month later that ankle edema and at times also swelling 
of the hands were noted. He was sent to a hospital in his home town and was treated there 
from Feb. 7 to March 4. There was increasing edema during his stay in the hospital, and protein 
was observed in the urine throughout this whole period (0.5 to 1.2 gm. per 100 cc.). Microscopic 
examination of the urine showed numerous hyaline casts. The blood pressure was 120/70. The 
amounts of urine varied between 550 and 1,300 ml. per 24 hours. The nonprotein nitrogen was 30, 
36, and 43 mg. per 100 cc. The creatinine clearance was normal. The fractionated protein determi- 
nation in the blood showed total protein 3.7 gm., albumin 1.2 gm., and globulin 2.5 gm. per 100 
cc. The sedimentation rate was about 100 mm. per hour. 

The patient was transferred on March 5 to the Occupational Medical Department of the 
Karolinska Hospital for continued examination. On admission he had rather pronounced edema 
of the ankles. His blood pressure was 110/80. He still showed protein in the urine (0.4 to 
1.1 gm.). Microscopic examination of the urine showed a few hyaline casts. The amounts of urine 
voided varied between 1,100 and 2,200 ml. per 24 hours. Electrophoretic analysis of the blood 
plasma showed values typical for nephrosis. During his stay in the hospital the patient’s edema 
disappeared, but the amounts of protein in the urine remained fairly constant. He fell off in 
weight from 67.5 kg. on admission to 57.3 kg. on discharge from the hospital on March 27. 

After being discharged from the Occupational Medical Department the patient was treated 
at the hospital in his home town until April 10. On discharge from the hospital he was still 
showing large amounts of protein in the urine. 

Since that date he has been examined once a month as an outpatient. He has gradually im- 
proved and since June 4 has shown no protein in the urine. The serum protein and sedimentation 
rate have returned to normal. A skin test performed with mercury gave a negative result. Since 
Aug. 18, 1952, the patient has been working outside the factory. 


It has been particularly interesting to investigate the conditions of the exposure 
and to follow the excretion of mercury in the urine. 

The exposure of the workers to high amounts of mercury may be seen in part 
from air analyses on the factory premises (0.02 to 0.45 mg. Hg/m.*) and in part 
from the mercury analyses in the urine. The mercury determinations in urine 
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were carried out according to Vesterberg and Sjoholm.’ At the end of 1951, (i. e., 
before signs of kidney injury had appeared), the urinalyses on the occasions of two 
examinations showed for Cases 1 and 2 values of 0.90 and 0.68 mg. and 0.60 and 
0.16 mg. Hg/liter urine, respectively. Further light on the exposure was shown 
by the average urine values for all 52 workers examined ; these amounted to 0.44 + 
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Prolonged urinary excretion of mercury by two workers after end of exposure. 


Excretion of Mercury in Workers’ Urine at Different Times of Day (v/1.) 


Date, 1952 


Time 


Date, 1952 


0.04 mg. Hg/liter urine. The last-mentioned urine tests were performed during the 
period from September, 1951, to March, 1952. 

The mercury excretion in the urine was followed regularly for a longer period. 
Analyses were usually carried out on samples from urine collected during a 24-hour 
period. On certain days excretion of mercury was also determined on samples 
taken at different times of the day and night. The results were as seen in the 
Chart and Table. 


7. Vesterberg, R., and Sjéholm, O.: On the Determination of Mercury and Copper in Bio- 
logical Material, Ark. kemi, mineral. och geol., 1946. 


URINARY 
MERCURY 
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Case 1 
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240 170 120 300 100 
90 280 380 250 rer 60 
340 230 270 130 390 250 
200 500 250 120 160 
Case 2 
Time 3/7 3/8 3/12 3/13 3/14 3/15 
: 160 100 20 10 20 
80 20 180 110 20 100 
70 40 30 70 30 60 
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COM MENT 


It was not possible to show any infectious etiology for the kidney injury in 
either of the cases reported. It would not be unnatural to regard mercury as 
an etiological factor in view of the fact that the two workers who had been exten- 
sively exposed to mercury became iil at about the same time, with a pronounced 
nephrosis which took a similar course in both cases. As we mentioned in our 
introductory remarks, there are a few reports of albuminuria in connection with 
chronic mercury poisoning ; of particular interest here are Riva’s and Ledergerber’s 
reports of nephrosis which showed considerable resemblance to the cases described 
by us. We consider ourselves justified in regarding the nephrosis in our two cases 
as having been caused by mercury in all probability. In view of the fact that both 
the workers who contracted nephrosis and those who did not contract nephrosis 
had similar exposure to mercury, some other factor than the degree of exposure 
would appear to have been of importance in the development of the kidney injury. 
In this connection the period of exposure might conceivably have had some sig- 
nificance. This was not, however, the case, because the two workers with nephrosis 
had been exposed to mercury for less than a year, whereas many of the other 
workers had been exposed for considerably longer periods. Riva has discussed 
the possibility that kidney injury appears only in those in whom there is hyper- 
sensitivity to mercury. In the skin tests performed by us it was not possible 
to observe any hypersensitivity; accordingly, the question as to why only these 
two workers developed nephrosis remains unanswered. 

Regarding the urinary excretion of mercury, it will be seen from the chart 
that this takes place slowly. Mercury was still being excreted in significant quanti- 
ties at the time of the last examinations of the workers two months after the 
cessation of the exposure. Another point of great interest is the fact that the 
excretion does not appear to have diminished continually but has varied consider- 
ably from day to day. Variations in mercury content have had no apparent 
connection with the volume of urine. As has been mentioned, we performed 
determinations of the amounts of mercury excreted at different times of the day 
and night on certain days. The Table shows that very great variations often 
occurred ; one invites great possible error in attempting to correlate exposure and 
content of urinary mercury on only one occasion. 

The good prognosis in the cases of nephrosis described by us agrees with the 
favorable course observed in the two similar cases described by Riva. On the other 
hand, one of the cases described by Ledergerber shows that kidney injury in 
connection with chronic mercury poisoning may be lethal. Regular urine tests for 
workers exposed to mercury are therefore desirable so that possible kidney injury 
may be discovered at an early stage and more serious disturbances prevented. 

So long as the mechanism for the origin of kidney injury is not clearly under- 
stood, it is advisable that workers showing albuminuria should be given work 
in which they are not exposed to mercury. 
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OCCUPATIONAL HAZARDS FROM FUNGI CAUSING DEEP MYCOSES 


STANLEY S. RAPHAEL, M.B. 
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CINCINNATI 


EFERENCE to current textbooks on occupational diseases shows that deep 

fungus diseases are often completely ignored and even fungus diseases of the 

skin are treated in a superficial manner if they are discussed. One book’ merely 

states that fungi may be the cause of dermatitis, that such dermatitis is possibly an 

occupational disease of Turkish bath attendants, and that fungus disease may be 

superimposed on true contact dermatitis. If there is epidermophytosis on the feet, 
it may increase the sensitivity of the hands to irritants. 

Discussion of “allergic” respiratory disease caused by fungi, which are consid- 
ered nonpathogens in man, is occasionally found in the literature. Many of these 
conditions are vague and ill-defined. A few instances of “allergic” pulmonary dis- 
ease have been more scientifically investigated. It was apparently thought for some 
time that the spasmodic coughing occurring among workers in English cotton mills 
was due to sensitivity to Penicillum glaucum and Aspergillus glaucus. However, 
recent work in Britain * has disclosed that no consistent strains of bacteria or fungi 
have been found in the different grades of cotton used in mills which had reported 
this occupational hazard. In Norway, 76 workers in the hemp, jute, and textile 
industries suffered influenza-like “allergic” disease, with fever and coryza.* These 
workers were found to have an increased number (of species) of Aspergillus spores 
in their sputa as compared with a control group of laboratory workers. In the same 
country, Andersen demonstrated skin sensitivity to Aspergillus fumigatus and 
Rhizopus arhizus in a carpenter who had fever after inhalation of these fungal 
spores.* 

Spores of Conidiosporium corticale, a nonpathogen, were thought to be the 
allergic cause of spasmodic asthma-like attacks among 46 workers reported by 


From the Clinical Laboratories, Jewish Hospital (Dr. Raphael), and the Mycology Labora- 
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Towey and associates.* Ten of these workers were employed either in stripping 
or in carting bark from timber (75% of which was maple). Thirty-six of the work- 
ers were employed in the sawmill of an automobile plant working with identical 
wood, 

Our discussion of the occupational hazards from fungi will be divided into two 
parts. The first part pertains to deep fungus diseases occurring among laboratory 


workers, and the second part is concerned with similar infections among those in 
other occupations. 


LABORATORY INFECTIONS CAUSED BY FUNGI 


Sporotrichosis—Only two laboratory infections caused by Sporotrichum 
schenckii are well documented in the literature. Meyer ® while working with an 
equine strain of S. schenckii noticed a small ulcerated area on his left third finger. 
A few days later, there were nodules along the lymphatics of the left arm, and posi- 
tive culture was obtained for S. schenckii on the 15th day of his illness. The com- 
plement fixation and dermal tests were also positive. 

Norden? reported the case of a 34-year-old physician with a primary site 
beneath a ring on the left fourth finger. At the time of infection this physician had 
been working with Sporotrichum cultures. The location of the lesion under the 
ring suggested subclinical trauma. Again, the culture obtained from the primary 
lesion was positive for S. schenckii. 

A third case of sporotrichosis which was reported from Madagascar * was that 
of a veterinarian who was operating on a mule. 


3lastomycosis.—Three laboratory infections caused by Blastomyces dermatitidis 
have been reported.” The first occurred in a physician after he had pricked his wrist 
with a needle contaminated by Blastomyces; a carbuncle and ascending nontender 
lymphangitis, with axillary adenopathy, developed. The organism was recovered 
by culture and was demonstrated in tissue removed for biopsy from the area of 
lymphangitis. Similar occurrences were observed in two other physicans who had 
cut their fingers while performing autopsies on cases of blastomycosis.’° 

While the above-mentioned infections occurred after traumatic incidents, the 
diseases considered in the following paragraphs were initiated by respiratory 
infection. 

Investigation by Anderson and associates '' showed that falling drops, the 
removal of stoppers from dilution bottles, or the removal of inoculum from vaccine 


5. Towey, J. W.; Sweany, H. C., and Huron, W. H.: Severe Bronchial Asthma Apparently 
Due to Fungus Spores Found in Maple Bark, J. A. M. A. 99:453-459, 1932. 

6. Meyer, K. F.: The Relation of Animal to Human Sporotrichosis, J. A. M. A, 65:579- 
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7. Norden, A.: Sporotrichosis: Clinical and Laboratory Features and a Serologic Study 
in Experimental Animals and Humans, Acta path. et. microbiol. scandinav., Supp. 89, pp. 3-119, 
1951. 

8. Carougeau, J.: Sur un nouvelle mycose sous-cutanée des equides, J. méd. vét. et zootech, 
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10. Schwarz and Baum.’ Evans, N. A.: Clinical Report of a Case of Blastomycosis of the 
Skin from Accidental Inoculation, J. A. M. A. 40:1772-1775, 1903. 
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bottles even with syringes produced a fine mist (aerosol). Test organisms could 
always be recovered from such aerosols for considerable distances. Other routine 
procedures, such as the use of a Waring Blendor, flaming of inoculating loops with 
or without “bursting” of the film on a loop, and pipetting, have likewise been prone 
to disseminate viable organisms (similarly). Sulkin and Pike '* reviewing a ques- 
tionnaire answered by approximately 2,500 laboratory workers, uncovered 1,342 
“laboratory infections” through this means and through survey of the literature. Of 
these cases, 63 were caused by fungal agents, but they obviously did not represent 
the total number of fungal infections in laboratories. Forty-nine cases of coccidio- 
idomycosis indicated the risk of handling cultures of Coccidioides immitis. Twenty- 
three infections caused by Coccidioides occurred among such persons as clerical 


Endemic areas of histoplasmosis (shown in white) in the United States; the incidence of 
positive skin reactions to histoplasmin is 70% and higher. The black area (San Joaquin Valley 
in California) is the center of infection with Coccidioides immitis. 


help and maintenance workers who probably did not work with the organisms. This 
latter group of persons suffered no other fungal diseases attributable to laboratory 
work. 

Coccidioidomycosis —Several cases probably included in Sulkin’s survey were 
published in some detail previously by Schwarz and Muth.'* Coccidioidomycosis, 
as indicated, is apparently an easily acquired infection among laboratory workers. 
Infections were reported '* among persons on the second and third floors of the 
building which housed the laboratory of C. E. Smith on the first floor. In this same 
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laboratory, 21 persons had positive skin reactions to coccidiomycin, probably 
because of laboratory infection. Looney '* reported the case of a technician in whom 
the disease developed after he had inspected a culture growing in a Petri dish. 
D. T. Smith ** reported several infections, one fatal, among dish washers in the 
preparation room of the Department of Bacteriology at Duke University. Bush ™ 
recorded infection from contaminated cotton plugs used in culture work, while 
Nabarro ™ described the case of a chemist who while preparing extracts of cultures 
of Coccidioides and wearing a gauze mask managed to contract the disease. From 
his experience C. E. Smith discontinued examination of cultures of Coccidioides. 
Keeney has designed a protective cabinet to safeguard laboratory workers against 
infection.'* 

Histoplasmosis —Laboratory infection with Histoplasma capsulatum has been 
reported recently.'” Seventeen of 26 skin-test negative employees in a laboratory 
actively and exclusively engaged in Histoplasma culture work had positive histo- 
plasmin skin reactions after employment averaging 4.2 months and varying from 
1 to 36 months. Seven of these employees suffered an illness of influenza-like 
nature. In the severest case, the patient was absent from work for nine weeks. 
Statistical corrections were made for naturally occurring skin conversion rates in 
view of the location of the laboratory in an endemic area of histoplasmosis. 

One of us (J. S.) also became infected similarly. 


We have knowledge of an epidemic occurring in a Swedish laboratory in which 
after breakage of a culture tube of H. capsulatum at least six members of the labora- 
tory staff were ill with severe pulmonary disease.*” The high incidence of laboratory 
infection with C. immitis is explained by the presence of arthrospores which are 
readily separated and inhaled. The aleurospores of H. capsulatum are much less 
easily disseminated, and heavy concentration of culture material seems to be neces- 
sary to produce infection. 

Reasonable precautions will, therefore, protect the laboratory worker against 
Histoplasma infections, but the nature of the fungus Coccidioiodes obviates the 
effect of even careful protective measures. 


To sum up, although comparatively few persons are exposed to laboratory haz- 
ards of infection from fungi, a relatively high incidence of infection is found. Con- 


versely, among the large number of persons engaged otherwise there are few 
victims of fungus diseases. 


15. Looney, J. M., and Stein, T.: Coccidioidomycosis: The Hazard Involved in Diagnostic 
_ Procedures, with Report of a Case, New England J. Med. 242:77-82, 1950. 


16. Smith, D. T., and Harrell, E. R., Jr.: Fatal Coccidioidomycosis: Case of Laboratory 
Infection, Am. Rev. Tuberc. 57:368-374, 1948. 


17. Nabarro, J. D. N.: Primary Pulmonary Coccidividomycosis: Case of a Laboratory 
Infection in England, Lancet 1:982-984, 1948. 


18. Keeney, E. L.: Protective Cabinet for Investigators Studying Coccidioides Immitis and 
Other Infectious Fungi, Bull. Johns Hopkins Hosp. 78:113-118, 1946. 

19. Furcolow, M. L.: Guntheroth, W. G., and Willis, M. J.: The Frequency of Laboratory 
Infections with Histoplasma capsulatum: Their Clinical and X-Ray Characteristics, J. Lab. & 
Clin. Med. 40:182-187, 1952. 


20. Nilzen, A.: Personal communication to the authors, to be published. 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


FUNGUS INFECTIONS OF OCCUPATIONAL (NONLABORATORY) ORIGIN 

Sporotrichosis—The relationship of sporotrichosis to trauma has been estab- 
lished since the report of Schenck in 1899 of the occurrence of sporotrichosis in an 
iron foundry worker. The infection ** usually occurs in the upper limbs. In a series 
of 146 cases, 111 of the patients had lesions in the distal parts of the upper limbs. 
The process began as a nonhealing ulcer, often confused with the primary sore of 
tularemia; later it was associated with enlargement of the lymphatics of the arm, 
with peculiar nodular lymphatic swellings. It also has been assumed that the dis- 
ease may be acquired through contact with infected animals. Sporotrichosis does 
occur in domestic and other animals. However, reference to the literature shows 
that such proved cases of transmission from animals to man are rarities. Moore ** 
has reported sporotrichosis after a mouse bite. Carougeau’s infection while operat- 
ing on a mule has been mentioned above.* Sporotrichosis after the bites of a boa 
constrictor and of a mosquito ** are recorded. 

Ruediger reports 57 cases of sporotrichosis, of which 24 were confirmed by cul- 
ture or microscopy.** | The overwhelming number of these proved cases occurred 
among farm laborers or others of similar occupation. The only women in the series 
whose occupations were stated were a farmer’s daughter and a florist. Foerster ** 
presented the cases of 14 of 18 patients working in a tree nursery; 10 apparently 
acquired the infection from barberry shrubs (Berberis thunbergii). Foerster 
reviewed the literature and referred to 148 cases in the United States.** Of 84 
men, 69 were manual laborers, 2 being stable boys. Of the remaining 15 men 
patients, 3 were clerks; 2, florists; 2, merchants; 2, physicians; 2, sailors and 1, a 
soldier. Of the 30 women in this series, 16 were housewives; 10 were farm dwell- 
ers; 1 was a florist; 1, a gardner; 1, a berry picker, and 1, a teacher. Gastineau in 
1941 reported six cases among florists.** All these persons used in common the 
following substances in their work—sphagnum moss, plumosa, and flat ferns; no 
barberry was used. Gastineau sent specimens of moss, plumosa, and flat ferns to 
Emmons, who cultured S. schenckii from one sample of sphagnum moss. Hopkins 
and Benham ** in 1932 reported two cases in New York State: one patient was a 
boy of 6 years who was cut over the right eye after climbing a fence adjacent to 
some shrubbery later found to be barberry; the other patient was a woman of 62 
years who injured her finger with steel wool. In both cases, S. schenckii was iso- 
lated. Weise reported the case of a 71-year-old retired man who had sporotrichosis 
and in whom after treatment a splinter of coniferous wood was removed from the 
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primary site.*? Blair and Yarian included an account of a 19-year-old packer of 
barberry shrub in whom, after cutting his thumb, sporotrichosis developed.** Carter 
reported a case of this fungus disease which occurred in a mailman who had caught 
his nail on a barberry bush.** 

Benham and Kesten *® in 1932 were interested in the experimental aspect of 
Sporotrichum infection, and they stated that there were spontaneous diseases of 
carnations and June grass, the former known as “bud rot” and the latter as “silver 
top,” which were caused by Sporotrichum poae, an organism related mycologically 
to S. schenckii. S. poae is carried by mites from one carnation plant to another 
and is the cause of epidemics among carnations in green-houses. The authors 
injected carnations with S. schenckii and were able to produce bud rot similar to 
the naturally occurring disease of sporotrichosis. Subculturing from rosebuds 
inoculated with S. schenckii, these authors were able to maintain the growth of the 
organism on sterilized thorns from barberry bushes which had previously been 
incriminated as possible sources of the fungus. In their experimental work, they 
found that S. schenckii throve vigorously on the thorns of barberry bushes. Injected 
suspensions from infected carnation buds into rats and subsequent passage of 
Sporotrichum through carnation byds did not reduce fungal pathogenicity. 
Ground-up carnation buds with bud rot initiated by S. schenckii were injected into 
monkeys. Nodules occurred locally, and a disease similar to the spontaneous 
sporotrichosis in man was observed. 

In the Union of South Africa, the largest epidemic of sporotrichosis recorded 
occurred in the mines of the Witwatersrand.*' In an excellent monograph on this 
epidemic, it is reported that sporotrichosis was first recorded on the Witwatersrand 
in 1927, but this first epidemic was not well investigated. In 1941, 74 cases of 
sporotrichosis occurred in two mines, and again investigation was not fruitful. 
However, in 1942 du Toit found an epidemic among 650 employees of one mining 
company. He isolated a fungus with Sporotrichum-like characteristics from air- 
borne dust and from timber. Two cultures were brought to Emmons in the United 
States. The latter reported one as Sporotrichum beurmanni (or S. schenckii) ; the 
other, although bearing a resemblance to Sporotrichum, was apparently regarded 
by him as a species of Graphium. The workers investigating the latest epidemic 
examined various mine structures and conditions, including timber, mud, and 
water. After several hundred cultures had been made, they finally found pathogenic 
Sporotrichum on timber. They realized that often the pathogenic fungus may be 
completely obscured by quick-growing saprophytic organisms, and so they made a 
concerted effort to recognize pathogenic Sporotrichum in situ. Wood so infected 
was noted to be blackened. Proof of the presence of S. schenckii was finally made 
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by spot microscopy in the mine, and it was recognized that this fungus growing on 
wood showed peculiar triangular-shaped spores previously undescribed. The investi- 
gators found that the temperature in which the fungus grew ranged from 79 to 
81 F. at a relative humidity of 96%. Investigations as to the type of wood on which 
the fungus would grow disclosed that it would flourish on many different varieties 
of wood with the exception of Oregon pine (Pseudotsuga taxifolia) ; on this it 
grew only feebly. In mine water, on wet rock, and in mud, germination of Sporo- 
trichum spores was found to be poor. On fabrics, it was found that flannel, 
hessian, coarse felt, and undyed white canvas were suitable media for growth. The 
wood used as culture medium was found to be unsuitable if it was completely dried. 
Spores apparently did not enter the air readily unless there was a reasonable 
velocity of air flow and the substratum on which the fungus was growing was 
relatively dry. It was shown that insects were able to carry viable spores from 
contaminated to uncontaminated wood. With human volunteers, an experiment was 
arranged to indicate whether trauma was necessary for infection. It was found 
initially that only by producing abrasions of the skin surface and then rubbing in 
viable spores could uniform infection be produced. Further experiments showed, 
however, that even if the skin surface was not broken infection might result. Flies 
(Musca domestica), taken from the hospital compound and crushed, yielded both 
pathogenic and nonpathogenic Sporotrichum organisms. The housefly was also 
shown to be able to ingest and excrete viable Sporotrichum. 

The clinical features of this large epidemic, which involved some 2,800 miners, 
included the fact that the incubation period of the disease varied from 7 to 30 days, 
but cases were noted with incubation periods up to six months. Primary lesions 
in 1,471 patients occurred in the following areas: on the hands in 60%, on the 
trunk in 23%, on the legs in 11%, on the face in 2%, and on the scalp and bathing 
trunk area in 0.3% ; no patients had primary lesions on the feet. It will be seen that 
covered and protected areas were hardly ever involved. It was noted that the 
disease was confined almost entirely to men working in one shaft of the mine and 
that infection occurred mainly among those whose work was situated in the middle 
levels of the shaft. In those areas, there was also the heaviest contamination of 
timber. Since wood was shown to be the habitat of the fungus, it was presumed 
that those handling timber would be most prone to disease. The greatest number 
of cases, however, occurred among those engaged in stopping, lashing, or handling 
rock. The occupations mentioned in which the heaviest incidence of disease was 
found were those carrying with them the greatest risk of trauma. There was no 
proved case of man-to-man infection and not a single case of generalized sporo- 
trichosis. All patients responded favorably to iodine treatment, even one person 
who for three years refused treatment on religious grounds. 

In the preventive field, both biological and chemical methods of control of 
sporotrichosis were investigated. Research into the biological aspect demonstrated 
that Sporotrichum growing on wood (Acacia mollissinia), which had been inocu- 
lated with various nonpathogenic but wood-destroying fungi, was obviously inhibited 
in growth and was occasionally eliminated by the implanted nonpathogenic fungus. 
The method is still being investigated in South Africa. Chemically, it was found 
that “yard mixture” (3% zine sulfate and 0.3% triolith which is sodium fluoride, 
dinitrophenol, and potassium bichromate) in 4.4% concentration and Dewicide (a 
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proprietary mixture with 3% pentachlorophenol) in 6.0% concentration were 
effectively fungicidal to Sporotrichum. After treating wood with these chemicals, 
the epidemic of sporotrichosis was speedily checked. 

Histoplasmosis—Soil has been established as a source for pathogenic fungi. 
This could predispose laborers engaged in excavations to development of deep 
fungus diseases. Fungi including H. capsulatum, C. immitis, Allescheria boydii, S. 
schenckii, Nocardia, and Cryptococcus neoformans have all been isolated from 
soil. Recently, H. capsulatum especially has attained prominence as a cause of 
epidemics among those engaged in clearing barns, chicken houses, ete. Grayston, 
Loosli, and Alexander,** from Indiana, reported the first such epidemic in which 
a father and two sons became severely ill simultaneously, with fever, chills, cough, 
and chest pain. A silo had been cleared out by the men two to three weeks before 
the symptoms commenced. While the father and elder son were working, the young 
boy sat in a truck into which dust was shoveled. Seventy samples of earth from 
the farm did not yield H. capsulatum, while 106 soil samples from the silo gave 
26 positive cultures of this fungus. A number of other epidemics have been reported 
in which cultural proof of disease being caused by H. capsulatum was not obtained. 
Feldman and Sabin ** reported briefly and Felson ** more extensively on 12 workers 
who became ill after clearing an old water tower in Cincinnati. H. capsulatum was 
isolated by us five years later from soil in the basement of this tower. (Identical 
results were obtained by Furcolow and Cooke.** ) 

Similar epidemics occurred in Wisconsin where 12 persons became ill after 
digging for worm bait,** and in Illinois where 2 boys became infected while playing 
in a hollow tree.** On occasion, very little exposure seems to be necessary to produce 


infection. This was evident in the epidemics at Camp Crowder, Mo., and Camp 
Gruber, Okla.** At these army camps, a short stay in a storm cellar was related 
to disease in 22 and 27 soldiers, respectively.** “Cave sickness” affecting 25 persons 
in Arkansas appeared to have been similarly induced.** A small epidemic of histo- 
plasmosis has been reported recently by Campbell.*° While Histoplasma had been 
isolated from the soil in most of the above cited outbreaks, positive cultures in 
patients were obtained only by Grayston, Loosli, and Alexander.*? However, an 
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incubation period of 4 to 21 days, with sudden onset of fever, chest symptoms, and 
the demonstration of specific antibodies in the patients’ sera, make it very sug- 
gestive that we are dealing with a newly recognized hazard to persons in contact 
with soil and especially to those working in long unused buildings or shelters. The 
high incidence of positive cultures of H. capsulatum from samples in the buildings 
and the failure to recognize such findings in other nearby places add weight to 
the assumption that Histoplasma was the cause of the epidemics reported. 


It would deviate too far from our theme to discuss all epidemiological implica- 
tions of the disease histoplasmosis. It should be mentioned, however, that the farm 
population generally has a higher percentage of positive skin reactions to histo- 
plasmin than have city dwellers in adjacent areas. In view of the enormous 
resistance of H. capsulatum spores, which survive in dry soil for many years, in 
water under experimental conditions up to 420 days, and under conditions of 
freezing for 190 days,*' it is obvious that spontaneous infection in heavily con- 
taminated places will be recognized more frequently in the future. Animals may 
acquire the disease in the same manner as man (by inhalation), or they may be 
carriers of the disease responsible for contamination of the soil. To give an idea 
of the magnitude of this problem, it should be noted that Rowley isolated histo- 
plasma from 44% of 50 cats and 50 dogs on which autopsies were performed in 
Loudon County, West Virginia.** 

Coccidioidomycosis —During World War II, the establishment of training 
centers in southern California was coincident with numerous fungus infections 
among military personnel. Unfortunately no accurate information about the inci- 
dence of coccidioidomycosis among different occupational groups in the endemic 
area is available. Probably the first reported instance of infection from soil was in 
a group of school children, who became ill after digging a hole while pursuing a 
rattlesnake in the desert region of San Benito County, California.’* C. immitis was 
isolated from the spot of another rattlesnake hole ** and has been repeatedly 
recovered from soil samples.** Farmers, fruit pickers, and others have become 
infected after trauma by cactus spines *° and while harvesting walnuts.** Skinner 
has reported a lethal case in a wool sorter who had always resided in the eastern 
United States and who became ill after handling wool from California.“ 
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Blastomycosis—Blastomycosis, frequently considered of traumatic origin, has 
been shown by Schwarz and Baum” to be primarily a pulmonary disorder in the 
overwhelming majority of cases. Since the causative organism (B. dermatitidis) 
has not yet been found in soil, no definite statement can be made regarding the 
mechanism of infection. On the other hand, no facts are at present available to 
prove the concept of the traumatic origin of the disease unless one accepts the history 
of patients as proof. 

Actinomycosis.—Actinomycosis has long been considered an occupational hazard 
for those engaged in agriculture and particularly for those exposed to the temptation 
of chewing grass. It is now well established that Actinomyces bovis is not found 
in nature and is definitely an anaerobic organism. In an analysis which Davis ** 
made in 1941 of the cases of 46 patients with actinomycosis, only 15 were farmers ; 
of these, only 3 admitted to having chewed grass. There was an even distribution 
ot these cases among urban and rural dwellers. Davis quotes another series * in 
which the cases of 119 patients were reported; only 16 of these patients were farm- 
ers. Another group of 678 cases was compiled by Sanford **; in this group only 
50% of the patients had any contact with cattle or had occupations thought to pre- 
dispose to infection. From these figures it will be seen that farmers do not appear 
to have a higher likelihood of contracting actinomycosis than do city dwellers. 

That the organism is often found in the buccal region, especially in tonsils and 
in tooth pulp, is common knowledge to pathologists. This has been substantiated 
by the culture studies of Emmons and others.*® In most instances, the organism 
appears to exist in symbiosis with its human host and does not cause disease. There 
are a few instances recorded in the literature of cases in which the organism has 
apparently been implanted from a tooth into an unusual site in another person. 
One such case was reported by Cope *! in 1915; in this instance a man who knocked 
out another man’s teeth in a fight had actinomycotic lesions at the site of the 
injury to his hand. Robinson * in 1944 reported a similar case occurring after a 
human bite of the opponent’s forearm, while McWilliams in 1917 reported an 
infection similar to that reported by Cope, which occurred in the finger after injury 
by human teeth.** 

COMMENT 


From the above, it becomes obvious that two large groups of deep fungus 
infections should be distinguished ; these include the infections among medical and 
laboratory workers and the infections among those in other occupations. 
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Proper training, caution, installation of transfer hoods, and incinerators which 
prevent the explosive spatter of infected culture loops should decrease hazards of 
this work for medical and laboratory workers. However, for two reasons complete 
elimination cannot be expected. The first of these is the nature of at least one 
fungus (C. immitis), the spores of which are extremely easily air-borne, and only 
by cessation of work with living cultures will laboratory infections be eliminated. 
The second factor is the empiric knowledge that some accidents seem to be unavoid- 
able wherever human beings work. Obviously, education, strict supervision, and 
installation of technically safe apparatus should diminish the significance of this 
“human factor.” Extensive use of disinfecting solutions in which contaminated 
slides and pipettes can be deposited should be a standard procedure in any mycology 
laboratory. Decontamination of accidentally infected areas by heat and/or dis- 
infectants and elimination of draft (air conditioning, ventilators) are strongly 
recommended. The use of masks and gloves while working with experimental 
animals is important. Aerogenic (inhalation) infection in the laboratory is the main 
source of infection. Traumatic inoculation will only rarely constitute the portal of 
entry for fungus infections. 


Mycotic infections among those in nonmedical occupations should, in turn, be 
divided into two groups. The first group is comprised of those cases resulting from 
traumatic inoculation (sporotrichosis) ; the second group consists of those cases in 
which the disease has been acquired by inhalation (histoplasmosis, coccidioido- 
mycosis). Epidemics of sporotrichosis may be prevented in a satisfactory manner 
in mines if timber which carries the organisms is properly treated with antifungal 
solutions. The sporadic cases among florists and those in allied occupations are 
more difficult to prevent, since the low prevalence of the disease obviously precludes 
extensive preventive measures, such as chemical disinfection of flowers and bushes 
or the constant use of heavy gloves. Fortunately, however, the disease nearly 
always responds to iodine treatment. 

Diseases due to inhalation are extremely difficult to prevent. The use of masks 
for all workers on farms, in construction, and in trucking, as well as among aviation 
personnel (in desert areas), is hardly possible. In areas endemic for histoplasmosis 
and coccidioidomycosis, the fungi are found with some frequency and are con- 
siderably widespread, but at the same time we have no way to detect their presence 
except by culture. It is for this reason that it appears impractical to recommend 
the use of masks which would have to be used constantly. Should future experience 
show that soil in old silos, chicken houses, and similar places presents special 
dangers, soaking of the soil with disinfectants prior to its removal could be con- 
sidered. 


Dust prevention during World War II decreased the incidence of coccidioido- 
mycosis infection in California, but it is hard to imagine how such measures could 
be introduced in construction work in which large volumes of soil have to be moved. 

Blastomycosis, formerly considered a traumatic cutaneous disease, is in our 
opinion essentially an inhalation lung infection, with metastatic spread to the skin. 
Our knowledge of the path of infection is too meager to permit preventive measures. 
From the point of view of incidence, the disease is not too important. 

Actinomycosis has also been removed from the list of traumatic diseases. It 
has been shown convincingly that the organisms occur in the oral cavity of many 
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healthy persons and the disease today is considered of endogenous origin. Even if 
the mechanism of the development of the disease in man is not known and the 
manner in which apparently symbiotic organisms become pathogenic and invasive 
has yet to be fully elucidated, nothing points to the possibility of occupational 
influence. Other fungus diseases like cryptococcosis, Madura foot, and chromo- 
blastomycosis are not discussed either, because the incidence is too low or too little 
epidemiologic knowledge is available to include them in a discussion of occupational 
deep fungus disease. 
SUM MARY 


Evidence of laboratory infection, especially with C. immitis and H. capsulatum, 
is presented. 


Sporotrichosis is illustrated as a numerically and economically important disease 
of miners, florists, and nurserymen. 


Epidemics of histoplasmosis are reviewed. 


“Allergic” diseases caused by normally nonpathogenic fungi are briefly discussed. 


Endogenous origin of actinomycosis is reemphasized, and occupational factors 
are dismissed. 


Methods of combating laboratory infections are suggested. 


CASE OF PANMYELOPHTHISIS AFTER EXPOSURE TO CHLOROPHENOTHANE 
AND BENZENE HEXACHLORIDE 


LARS FRIBERG, M.D. 


TOMTEBODA, SWEDEN 
AND 


JOHAN MARTENSSON, M.D. 
LUND, SWEDEN 


OTH CHLOROPHENOTHANE (DDT) and benzene hexachloride are 
widely used as insecticides, and very extensive experimental and practical 
experience has shown that their toxicity for man in connection with their normal 
use is slight. Cases of poisoning however, have been described, and in recent years 
accounts of individual cases of serious blood changes believed to be caused by 
chlorophenothane have been published. The aim of the present article is to give an 


account of a case of panmyelophthisis which followed exposure to chlorophenothane 
and benzene hexachloride. 


REPORT OF CASE 


A 59-year-old farm hand, who up to that time on the whole had been healthy, on May 11, 
1948, sprayed 42 acres of oleiferous plants with Rotoxol, a substance in powder form containing 
5% chlorophenothane and 10% benzene hexachloride. The following day he sprayed 17 acres. 
On this occasion there was a high wind, and during the course of the day the patient inhaled 


considerable quantities of the powder. In the evening he felt unusually tired, and during the ~ 


subsequent days he had a general feeling of sickness, with backache and aching legs as well 
as chills, and was obliged to take to his bed. He took acetylsalicylic acid but definitely denied 
having taken any other medicine, nor was there any other remedy found in his dwelling. His 
condition became worse, however, and on May 19 he applied for admission to the local hospital. 
He had then a high fever and pronounced granulocytopenia (white blood corpuscles, 900 per 
cubic millimeter; granulated cells, 2%) and was accordingly transferred to the Medical Clinic 
in Lund on May 21. 

On admission to the clinic the patient was feverish, and his general condition was poor. 
The throat was slightly reddened, but the usual physical examination revealed no other patho- 
logical symptoms. The blood status was as follows: hemoglobin, 68%; red blood corpuscles, 
3,900,000; white blood corpuscles, 900 per cubic millimeter, with 10% neutrophiles, no eosino- 
philes, 1% basophiles, 88.5% lymphocytes, and 0.5% monocytes, and toxic alterations in the 
neutrophile cells—anisocytosis and poikilocytosis; there was a thrombocyte count of 170,000 
per cubic millimeter. A first sternal puncture was unfortunately not very successful technically 
and did not permit of any definite conclusion. The sedimentation rate was 105 mm. per 
hour. There was no icterus. Heller’s test showed traces of albumin in the urine. Microscopic 
examination of urine showed nothing pathological. 

The patient was treated with penicillin in an amount of 100,000 I. U. every three hours 
and had repeated blood transfusions. After three days phlegmons had developed on the left 


From the Department of Occupational Hygiene, National Institute of Public Health, 
Tomteboda, and the Medical Clinic, Lund, Sweden. 
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lower leg and on the back. These were lanced, and in this connection treatment with strepto- 
mycin was given in a dose of 0.5 gm. every six hours for 10 days. After this the patient’s 
temperature fell, and his general condition was improved. The blood picture had remained 
approximately unchanged (the patient had by this time been given six blood transfusions), 
with a small number of white blood corpuscles and sometimes only 1 to 2% granulated cells 
in the differential count. In the cell-poor sternal puncture there were almost exclusively small 
lymphocytes. When the blood transfusions were discontinued, however, the blood values fell 
rapidly; on June 17 the hemoglobin was 42%, the red blood cells numbered 2,700,000, and the 
thrombocyte count was only 35,000 per cubic millimeter. Necroses on upper lip and nose 
appeared, and in consideration of the possibility of a hypersensitivity reaction, the penicillin 
therapy was stopped on June 15. The temperature returned to normal and remained so for 14 
days. Blood values dropped still further, the lowest values being hemoglobin, 31%; red blood 
cells, 2,100,000, and thrombocytes, 17,000 per cubic millimeter. In spite of this the patient had 
no petechiae or signs of hemorrhage. Blood transfusions were resumed. On July 9 there was 
a sudden rise of temperature, and antibiotics were given again. The following day petechiae 
appeared, gradually covering the entire body. On July 12 an ache in the right eye developed, 
and panophthalmia soon followed. Blood culture showed the growth of Staphylococcus aureus. 
The temperature thereafter became very high and fluctuating; the general condition worsened 
rapidly, and blood values continued to drop in spite of transfusions at short intervals. The 
thrombocyte count was only 4,000 per cubic millimeter, and hematuria developed. The left eye 
became inflamed. The temperature stabilized at 40 C. (104 F.) and the patient died on July 24. 

A sternal puncture on July 12 was rather poor in cells, with few myelopoietic cells and 
with striking increase of reticular cells, plasma cells, and lymphocytes. The picture agreed with 
an agranulocytosis (with transition to panmyelophthisis?). 

Postmortem examination showed a panmyelophthisis, with the following sequelae: anemic 
organs, hemorrhagic diathesis (hemorrhages in the skin, serous membranes, and renal pelvis), 
panophthalmia, purulent bronchitis, general toxic effect on organs, and signs of cardiac failure 
with pulmonary edema. 


Microscopic examination showed that the bone marrow was to a large extent replaced by 
fat. There was an abundance of macrophages containing iron pigment and an increase of 
reticular cells and plasma cells. Especially pronounced was the paucity of myeloid elements 
of all stages of development. In the red cell series, however, the beginnings of normal erythro- 
poiesis were observable. There were a few megakaryocytes. The picture agreed with pan- 
myelophthisis with hemosiderosis. The liver showed normal architecture, but there was a 
moderate degree of fatty degeneration centrally in the acini. The kidneys showed a rather well- 


preserved parenchyma but somewhat swollen and cell-rich glomeruli and slight degenerative 
changes in the tubules. 


COMMENT 


The close connection between the time of the patient’s illness and his exposure 


to chlorophenothane and benzene hexachloride suggests the possibility of a causal 
relationship. 


A perusal of the available literature has shown nothing in support of the assump- 
tion that benzene hexachloride can cause injury to blood-forming organs in man.’ 
In exceptional cases, however, chlorophenothane is considered by certain writers 
to be capable of giving rise to such changes. Thus, Wright, Doan, and Haynie * 
have published a case of agranulocytosis which occurred in a 22-year-old male 
student. Ten days before falling ill, the student had sprayed his flat with an insecti- 


1. Toxic Effects of Technical Benzene Hexachloride and Its Principal Isomers: Report 
of the Council on Pharmacy and Chemistry, J. A. M. A. 147:571, 1951. 

2. Wright, C. G.; Doan, C. A., and Haynie, H. C.: Agranulocytosis Occurring After 
Exposure to a DDT Pyrethrum Aerosol Bomb, Am. J. Med. 1:562, 1946. 
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cide aerosol bomb containing chlorophenothane and pyrethrum (together in 
gredients active, 1642%), sesame oil, lubricating oil (SAE 30), and dichlorodi- 
fluoromethane (Freon). The authors considered the illness to be due to the 
exposure to the aerosol in question and probably chiefly to the chlorophenothane 
included in this. The next report of injury by chlorophenothane to the hema- 
poietic system is by Karpinski.* During the years 1946 to 1950 he observed five 
cases of pronounced purpura; four of the cases with severe thrombocytopenia 
involved children between the ages of 114 to 3 years. All of the patients had had, 
in rather close connection with their illnesses, an indisputable and pronounced 
exposure in their respective homes to chlorophenothane, as a rule from a 5% spray- 
ing solution. The exact composition of the preparation does not emerge from the 
article, and the author allows partly for the possibility that other substances than 
chlorophenothane may have contributed to the illnesses. He considers it most 
likely, however, that chlorophenothane was the only noxious agent that might be 
incriminated. The last published case of injury known to us to blood-forming 
organs by chlorophenothane is contained in a report by the A. M. A. Council on 
Pharmacy and Chemistry, Committee on Pesticides‘; it refers to a 30-year-old 
farmer who for about one week had sprayed his barn with chlorophenothane and 
lime. The patient, who had previously been healthy, developed symptoms of throm- 
bocytopenia and died of a hemorrhage due to this disease. The condition was 
diagnosed as chlorophenothane intoxication of the bone marrow. It was considered 
that the patient apparently exhibited extreme sensitivity to chlorophenothane or an 
unnamed solvent, should the latter have been present in the spray mixure. 

The few published cases of injury to the blood-forming organs in connection 
with exposure to chlorophenothane do not in our opinion constitute any clear proof 
that this substance can really give rise to such injury, as it may have been a matter 
of coincidence. Nor, of course, have we any absolute definitely proved causal con- 
nection in the case described by us, but we were unable to show any other cause of 
the illness in the form of infection and of remedies or the like taken by the patient. 
With the close connection in time between the exposure and the illness we there- 
fore consider it not improbable that chlorophenothane or benzene hexachloride or 
a combination of the two substances played the role of a blood-damaging factor 
in this case. If there really was a causal connection between spraying and pan- 
myelophthisis, the case is of particular interest, since reports of serious injury to 
blood-forming organs after exposure to these substances in powder form have as far 
as we are aware not previously been published. Experience has shown that both 
chlorophenothane and benzene hexachloride are considerably less toxic for man in a 
solid form than when dissolved in organic solvents. It is possible that the exposure 
and the resorption via the alveoli were extremely pronounced in this case, as the 
spraying was carried out in a strong wind, which according to the instructions 
for safe use is forbidden. 

We have considered it so probable that the mixture used was the cause of the 
disease that it motivates the publication of the case and thus extends the slender 
basis for the discussion of the toxicity for man of modern insecticides. 


3. Karpinski, F. E.: Purpura Following Exposure to DDT, J. Pediat. 37:373, 1950. 


4. Pharmacologic and Toxicologic Aspects of DDT (Chlorophenothane U. S. P.): Report 
of the Council on Pharmacy and Chemistry, J. A. M. A. 145:728, 1951. 
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SUMMARY 


A 59-year-old farm hand sprayed oil-bearing plants with a powder containing 
5% chlorophenothane and 10% benzene hexachloride. As a wind was blowing at the 
time, he inhaled a relatively large amount of the powder. Shortly after the exposure 
he became tired, ill, and febrile. After a week he had pronounced granuloctytopenia, 
after a month he also had severe anemia and thrombocytopenia, and after an illness 
of two and one-half months he died with the picture of septicemia. The post- 
mortem examination showed a panmyelophthisis. It was not possible to show any 
other cause of the disease, and there was an immediate connection in time between 
the exposure and the illness. We consider it not improbable that chlorophenothane 
or benzene hexachloride or the combination of both substances caused the patient's 
illness and death. 


TOXICITY OF 2-ETHYLHEXYL DIPHENYL PHOSPHATE 
Il. Immediate Toxicity and Effects of Long-Term Feeding Experiments 


JOSEPH F. TREON, Ph.D. 
FRANK R. DUTRA, M.D. 
AND 
FRANK P. CLEVELAND, M.D. 
CINCINNATI 


HE USE of 2-ethylhexyl diphenyl phosphate (Santicizer 141) as a plasticizer 

in the manufacture of polyvinyl films for use as food wrappers, shower cur- 
tains, and wearing apparel and also as a flame resistor has created need for the 
study of the toxicity and modes of absorption of this material in order to anticipate 
any potential hazards which might be associated with such usage. Hence, the work 
described in the following pages and in a subsequent report was carried out under 
the financial sponsorship of the Monsanto Chemical Company, which also supplied 
the material for study. 


CH; 


O-P-0- 


2-Ethylhexyl diphenyl phosphate is a clear, colorless liquid, having the mole- 
cular weight of 362.396, the melting point of —30 C., the density of 1.0884 at 
25 C., and the vapor pressure of approximately 0.5 mm. at 190 C. The viscosity 
of this compound is changed but little by changes in its temperature over a wide 
range. The material is only slightly soluble in water, but it is soluble in ethyl 


alcohol and in a number of other organic solvents, including mineral and vegetable 
oils. 


EXPERIMENTAL PROCEDURES 


Oral Administration—For the purpose of determining the immediate toxicity of 2-ethyl- 
hexyl diphenylphosphate, measured amounts of the undiluted material were introduced into the 
stomachs of healthy female rabbits through a rubber catheter (F12) passed through the esopha- 
gus. In the case of rats, a blunt 6 cm., 17-gauge hypodermic needle, which was filled with the 
undiluted material and attached to a small hypodermic syringe containing a measured amount 
of the material, was inserted through the esophagus into the stomach. In testing the cumulative 
toxicity, similar procedures were followed on each of five consecutive days per week in the case 
of rabbits and on each of six consecutive days per week in the case of rats. 

Intravenous Injection.—In the determination of the lethal intravenous dose, measured amounts. 
of the undiluted material were introduced into the marginal ear veins of healthy female rabbits. 
To facilitate the accurate measurement of the smaller dosages, a suspension was employed, 
which was prepared as follows: 5.0 ml. of the compound was diluted to 10 ml. with olive oil, 
to this were added 90 ml. of 0.9% saline solution and 1 gm. of lecithin, and the mixture was 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 


170 


| 


TREON ET AL.—TOXICITY OF 2-ETHYLHEXYL DIPHENYL PHOSPHATE 17t 


homogenized in a Waring Blender. (This suspension medium has been employed in connection 
with the injection of other materials under similar conditions. It has proved to be essentially 
innocuous. In this instance, two rabbits each of which was given 16.0 ml. of the suspension 
[without the compound] per kilogram, and two other rabbits each of which was given 10.7 ml. 
of the suspension per kilogram survived without loss of weight and without evidence of damage 
to the viscera as determined by postmortem examinations. ) 

Cutaneous Applications —Undiluted 2-ethylhexyl diphenyl phosphate was applied in the 
dosage of 9.4 ml. per kilogram upon the intact skin of each of three rabbits and upon the abraded 
skin of another rabbit and was allowed to remain in contact with the skin under a dental rubber 
dam for a period of 24 hours, according to the procedure described by Draize and associates.? 

In another instance, 5 ml. of the undiluted compound was applied at intervals of one hour 
until seven such applications had been made upon the shorn abdominal skin of a rabbit over an 
area 5 & 6in. (13 & 15cm.). One hour after the last application, the skin was washed with 
water and a sulfonated oil, “pH6.” 

Long-Term Feeding (Rats)—Two hundred young rats purchased from two suppliers (Car- 
worth Farms and Albino Farms) were divided into groups of five. Except for the restriction 
that these groups were similar in composition with respect to sex, origin of supply, and point 
of housing within the laboratory, their distribution was random. Twenty groups were housed 
in the north room of the laboratory, and 20 other groups in a south room. One-fifth of the rats 
constituted the controls, while 40 rats (20 males and 20 females) were fed on one of four diets 
containing various concentrations of 2-ethylhexyl diphenyl phosphate. The basic diet, consisting 
exclusively of Purina Chow pellets, was contaminated with 2-ethylhexyl diphenyl phosphate to 
the extent of 5.0, 1.0, 0.125, and 0.0625% (50,000, 10,000, 1,250, and 625 ppm), respectively. 
The desired degree of contamination was attained by an even distribution of an alcoholic 
solution of the material upon the surface of a single layer of the pellets, then allowing the 
solvent to evaporate to dryness. Preliminary tests showed that the material was readily dis- 
tributed throughout the pellets in this fashion. The diet containing 1.0% of 2-ethylhexyl diphenyl 
phosphate had a bitter taste, and a very slight taste was apparent in that containing 0.125%, 
but none was noticeable in the diet containing the least concentration (0.0625%). 

Fifteen rats were killed for examination before the termination of the experiment, eight of 
these being selected from the various groups during the 80th or 83d week. All of those alive 
at the end of two years were killed for examination. 

Long-Term Feeding (Dogs).—Two litters, each composed of three dogs, were employed for 
this experiment. Each of two dogs from the first litter was given approximately 0.5 ml. of 
2-ethylhexyl diphenyl phosphate per kilogram of body weight in capsules on each of six days 
per week over a period of months, adjustments in the actual quantity administered being made at 
intervals which coincided with an incremental gain of about 1 kg. in the weight of the indi- 
vidual animals. For this reason the concentration of 2-ethylhexyl diphenyl phosphate in the 
food ranged from 0.6 to 1.5% (6,000 to 15,000 ppm). The third dog served as a control and was 
fed on the uncontaminated diet. 

Similarly, each of two animals from the second litter of dogs was given 1.0 ml. of the 
material daily per kilogram of body weight, this being equivalent to concentrations ranging 
from 1.6 to 2.5% of 2-ethylhexyl diphenyl phosphate (16,000 to 25,000 ppm) in the food. In 
both instances, the lower concentrations were given only over the first month or two, the 
higher values prevailing for the remainder of the period. 

The third member of the litter was employed as a control. 


RESULTS 


Oral Administration of a Single Dose—The minimum lethal dose of 2-ethyl- 
hexyl diphenyl phosphate for rabbits or rats is greater than 24.0 gm. per kilogram 
of body weight. Six rabbits given, respectively, 0.18, 1.4, 4.7, 10.0, 16.0, and 
24.0 gm. of the undiluted material per kilogram survived. No signs of intoxication 


1, Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation and 
Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Pharmacol. 
& Exper. Therap. 82:377-390 (Dec.) 1944. 
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were observed other than a transient, mild diarrhea associated with the larger 
dosages. Only small transient losses in weight were observed. Five female rats 
and four male rats survived the dosage of 24.0 gm. per kilogram without any 
evidence of abnormalities other than the passage of soft and oily feces for two 
days and transient losses in weight. Such losses averaged 9.6% of the initial weight 
and ranged from 0.0 to 24.3%. All the animals grew normally after regaining 
the amounts lost. There were no gross or microscopic abnormalities in the tissues 
of any of these animals, which were killed 15 days to two months after the day 
of the last dose. 

Intravenous Injection—The data recorded in Table 1 indicate that the mini- 
mum lethal dose of 2-ethylhexyl diphenyl phosphate when given intravenously to 
rabbits is greater than 0.218 gm. and less than 0.272 gm. per kilogram of body 
weight. Animals given a lethal dosage exhibited increases in respiratory rate 
within a few minutes after the injection; this was followed within a few hours by 
dyspnea and lethargy. Those observed in the terminal stages of their intoxication 


TasL_e 1.—IJmmediate Toxicity of 2-Ethylhexyl Diphenyl Phosphate When Administered 
Intravenously in One Dose to Rabbits 


No of Animals 
That Died/No. 
of Animals Length of 
Dosage, Gm./Kg. Given Compound Survival 
11.5 hr. 
0.7 to 12 hr. 
4.3 hr. to 10 days 


* Given as the following suspension: 5 ml. of 2-ethylhexyl diphenyl phosphate q.s. 10 ml. with olive oil 
+ 90 ml. of 0.9% saline + 1 gm. of lecithin. 


showed running movements of the legs and expelled sanguineous frothy fluid from 
the mouth. Only small losses in weight which were transitory in the animals that 
survived were observed. 


All fatally poisoned rabbits were found to have pneumonia. The four that sur- 
vived 12 hours or less also had marked pulmonary edema, while the one that died 
after 10 days showed a marked pulmonary fibrosis (organization of the pneumonic 
exudate). Of the animals which survived and were killed for examination 12 or 
more days after the intravenous injection, none gave evidence of gross or micro- 
scopic abnormalities in their tissues. 

Cutaneous Applications—When 9.4 ml. of undiluted 2-ethylhexyl diphenyl 
phosphate was maintained upon the intact skin of each of three rabbits and upon 
the abraded skin of another, according to the sleeve technique of Draize and 
associates,! the four animals survived without untoward reactions. Their losses in 
weight were no greater than those sustained by corresponding control animals 
subjected to similar manipulations but without contact with any chemical. No 
remarkable effects were observed in another rabbit subjected to contact of its intact 
abdominal skin with 13.7 gm. of the material per kilogram over the period of seven 
hours. No gross or microscopic lesions of the skin or viscera of these animals were 
found when examination was made two weeks to two months later. 
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Administration of Multiple Oral Doses—KEach of 11 female rabbits was given 
multiple oral doses of the: undiluted material on each of five days per week. The 
dosage given daily (2.2 to 8.7 gm. per kilogram) and the number of doses (4 to 
29) given to the individual animals are recorded in Table 2. Each of 12 female 
rats was given an oral dose of 10.0 gm. per kilogram on each of 6 days per week 
over a period of 13 days, and each of 12 male rats was given 5.0 gm. per kilogram 
on the same schedule (Table 2). With the exception of one rabbit and two rats 
that died from extraexperimental causes, all these animals survived without exhibit- 
ing any abnormalities in appearance or behavior other than their passage of soft, 
oily feces, which was most evident among the rats given the larger dosage. There 
were transient and moderate losses in weight among all of the groups after the 
administration of the compound, but the animals regained their losses shortly after 
the administration of the last dose and grew at normal rates thereafter. No relevant 


TABLE 2.—Effects of Oral Administration of Multiple Doses of 2-Ethylhexyl Diphenyl 
Phosphate to Rabbits and Rats 


Change in 
No. of Weight During Period 
Animals of Administration 
That Bied/ Initial Weight Expressed as Percentage 
No. of of Initial Weight 
Species No.of Animals Standard -—— 
of " Doses Given Average, Deviation, Standard 
Animal im./Kg. Given Compound Kg. Kg. Average Deviation 
29 2.762 +0.191 
2.686 
2.742 
0.224 
0.172 
0.316 
0.178 


bo te 


*Two rabbits were given 5 doses; one was given 7 doses; one, 13 doses, and one, 25 doses. 
+ One of the three rabbits was given only 22 doses. 
t The one death was due to extraneous causes. 


pathologic lesions were found on gross and microscopic examination of the tissues 
of either species of animals when they were killed at intervals ranging from one 
day to one and one-half months after that on which the last dose had been given. 


LONG-TERM FEEDING TO RATS 


Mortality—The data on the mortality of male and female rats fed on a diet 
containing the compound in various concentrations, together with corresponding 
data on control animals of both sexes, are given in Table 3. If the data pertaining 
to those given the 5% concentration be disregarded, since these animals all died 
within a few weeks because they would not eat adequate quantities of the diet, it 
may be seen that there was no uniform relationship between the concentration of 
the compound in the diet and the number of fatalities that resulted among either 
male or female rats. Moreover, a larger proportion of deaths occurred among the 
controls than among the test animals during the experimental period, if the animals 
fed at the 5% level be excluded. The values arrived at by the application of the 
chi-square test to the data pertaining to the several variables of the experiment 
are given in Table 4. It is apparent from the values of P (0.01 is regarded as 


Rat 
Rat 
Rat 
Rat 
Rat 
Ra 
Ra 
t 
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significant) that a significantly larger proportion of fatalities occurred among the 
control than among the test animals. The only other significant value for P is that 
which differentiates between the mortality among animals (exclusive of controls) 
housed in the north room of the animal quarters, on the one hand, and the mortality 


TaBLe 3.—Influence of Certain Variables Upon Mortality Among Rats Fed 2-Ethylhexyl 
Diphenyl Phosphate 


No. of No. Killed No. Killed 
Animals Before End of at End of 
Experimental Variable That Died Second Year Second Year 


Dietary level for males, % 


TABLE 4.—Statistical Examination (by Chi-Square Test) of Mortality Among Groups of Rats 
Involved in Two-Year Feeding Experiments 


Test Animals Excluding Those 
Fed at 5% Level, Together Same, Except That Control 
with Controls Animals Are Excluded 
* 


No. Alive No. Alive 
After 
2 Years/ 
No. That 
Died Before 
Groups Being Compared 2 Years x? 
2-Ethylhexy! diphenyl phosphate 47/62 
Controls 9/27 


North room 22/52 
South room 34/37 


32/41 
24/48 


34/42 
22/47 


* Considered significant. 


among those housed in the south room, on the other hand. Since neither of these 
statistically significant values has any discernible meaning in relation to the toxic 
effects of the compound under study, they may be ignored for present purposes. 
The cumulative occurrence of deaths among male and female rats from week 
to week throughout the experiment is shown graphically in relation to the different 
dietary levels in Chart 1. During the 3d to 43d weeks, the mortality curve for male 
rats fed on the 1.0% diet is steeper than the corresponding curve for the control 


, Dietary level for females, % 
20 0 0 
Dietary level for both sexes, % 
be 25 3 12 
{ 
x? P 
17/38 
< 
|| 2.620 0.20-0.10 19/33 1.786 0.20-0.10 
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group; the mortality curves for the other two groups fed on the 0.125 and 0.0625% 
diets are less steep than the curve for the controls. After the 43d week, the curve 
for the 0.125% level. group became somewhat steeper than that for the control 
group, while the slopes of those curves characterizing the other two groups remained 
less steep than the curve of the controls (Chart 14). In the case of the female 
rats (Chart 1B), deaths occurred more frequently during the first 32 weeks among 


TasLe 5.—Average Weight of Rats of Various Groups After Various Experimental Periods 
(Expressed as Percentages of Their Initial Weights) 


At 20 Weeks At 40 Weeks At 93 Weeks 


Average 


Percentage of 
2-Ethylhexy! Dipheny] Average Average 


Phosphate in Food* 
198.125 270.429 318.000 
163.250 195.375 219.111 
311.842 361.625 355.333 
198.200 226.158 258.364 
300.474 338.579 373.000 
210.294 240.625 279.846 
316.176 371.625 398.778 
221.667 : 251.294 315.667 


* Includes both Albino and Carworth rats in both north and south rooms. 
tn=number of rats available for determination of average 7. 


TABLE 6.—A pplication of the F Test of the Variances of the Percentage of the Initial Weights 
of Rats Fed 2-Ethylhexyl Diphenyl Phosphate With Those of Corresponding Control Rats 


20 Weeks After 40 Weeks After 93 Weeks After 
Start of Feeding Start of Feeding Start of Feeding 
F* 


1.5190 x 2.2350 >0.05 1.8087 >0.05 


3.5151 3.0741 0.025 10.2433 


oo! ox 


1.2497 Y 1.2356 i >0.05 2.2768 


2.3003 >0.05 3.0871 


1.2625 : 0.05 1.1825 


Female 1.0090 2 >0.05 1.8080 


woo 


* F = s12/s2?; s12 = Sx2/df = variance of controls; s2* = variance of exposed rats; Sx? = Lx? — esr 
+ df = degrees of freedom = n —1 


those fed the 1.0% diet than among the controls, but after the 45th week the control 
rats died in greater numbers than did any of the rats of the experimental groups. 

When the deaths among rats of both sexes are considered together, more deaths 
occurred during the first 49 weeks among those fed at the 1% dietary level than 
occurred among the controls. Subsequently, the numbers of deaths among the 
controls and among those fed a diet containing 0.125% of the contaminant became 


approximately equal and exceeded those which occurred among either sex of the 
other two groups. 


: n 
1.0, 9 
1.0] 9 
0.1: 6 
0.14 ll 
0.4 13 
0. 13 
0.04 9 
0. 6 
Groups 
Concen- 
tration 
in Food, % Sex { 
1.00....... Male 
15 13 
1.00....... About 
15 0.01 15 0.035 
18 15 
19 0.05 18 q 
coos... 
18 18 
0.0625... >0.05 
16 16 
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Rate of Growth.—The rate of growth of the animals has been expressed in two 
different manners. In Charts 2 and 3 the average weights of all rats that were still 
alive in the groups of males and females fed at each dietary level have been plotted 
at weekly intervals. In Table 5 each point on the curve for each group represents 
the average of the percentage relationship between the initial weight and the 
observed weight of the individual survivors at that time. Comparison of the vari- 
ances of the values listed in Table 5 for the experimental and control groups by the 
F test (Table 6) shows a degree of uniformity compatible with the use of the ¢ 
test for the mean values (Table 7). 


Those rats fed a diet containing 1.0% of the material under test grew at retarded 
rates, regardless of sex, as shown graphically in Charts 2 and 3. The application of 
the t test (Table 7) to the average percentage of the initial weight for either sex 
fed on a diet containing 1.0% of 2-ethylhexyl diphenyl phosphate indicates that the 


Tas_e 7.—A pplication of the t Test to the Weights of Experimental and Control Rats in Feeding 
of 2-Ethylhexyl Diphenyl Phosphate 
(Expressed as Percentages of the Corresponding Initial Weights) 


Group of Rats 


Concen- At 20 Weeks At 40 Weeks At 93 Weeks 
in Food,% | Sex df* tt P df t P df t P 
Male 31 5.780839 <0.01% 38 4.344344 <0.013 16 2.616238 0.02-0.01§ 
1.00......... Female 32 4.860236 <0.01% 31 4.194652 <0.013 13 2.684546 0.02-0.018 
0.125........ Male Ba 0.21306 >0.5 30 0.362490 >0.5 13 1.251650 0.3-0.2 
0.125.......- Female 36 2.009550 >0.05 34 1.818313 0.1-0.05 15 1.503058 0.2-0.1 
0.0625. ...... Male 34 0.77693 0.5-0.4 1.753916 0.1-0.05 20 0.839280 0.5-0.4 
0625... 33 >0.5 31 0.617330 >0.5 0.865650 0.4-0.3 


* df = (m1 + nz — 2) 
A — fe mine (mi +n2—2) 

(m1 + nz) (Sri? + Sx2?) 
Significant. 


§ Questionably significant. 


retardation of growth in the experimental groups is statistically significant at 20 
weeks and 40 weeks but is only dubiously so at 93 weeks. 

Rats in the groups fed either of the lower concentrations (0.125 and 0.0625% ) 
appear from the curves of Charts 2 and 3 to have grown somewhat less rapidly 
than those in the corresponding control groups. However, the application of the ¢ 
test to the weights, expressed as average percentages of the individual initial weights 
at 20, 40, or 93 weeks, showed that the average weights of male or female rats fed 
at either of these two dietary levels were not significantly different from those of 
the corresponding control group, since P was always greater than 0.05. 
ls Pathologic Findings—In none of the animals fed on the diet containing 5% 
of 2-ethylhexyl diphenyl phosphate.were there pathologic changes that could be 
interpreted as deriving from the ingestion of the compound. The causes of death, 
7 which were irrelevant to the experiment, are listed in Table 8. 

Neoplasms were found among 33 of the rats; 18 of these occurred among the 
animals which died during the course of the two-year period, whereas 15 were 
discovered among the rats killed after two years. The occurrence of neoplasms 
among the rats given diets containing 2-ethylhexyl diphenyl phosphate over the 
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prolonged experimental period is represented in Table 9. It is believed that all of 
these tumors were associated with the aging of the animals rather than with their 
ingestion of the compound employed in these experiments. This belief is supported 
by the fact that the tumors, with but one exception, were observed in rats known 
to have been 2314 months of age or older. The exception was found in one rat that 
died of reticulum cell sarcoma 14 months after the initiation of the feeding experi- 
ment. Further support derives from the incidence of neoplasms among control 


TaBLe 8.—Summary of Pathologic Findings in Rats Fed 2-Ethylhexyl Diphenyl Phosphate 


Of Those Examined, the Following Died From Stated Causes 


Bronchitis Of Those 
No.of and Pneu- Examined, 
Rats From monia, the 
Which Tis- and Focal Following 
sues Were Necrosis Pericar- Abscess 
Examined of Liver Chronic Acute ditis of Colon, 
Dietary Micro- Dueto Pneumo- Menin- (Fibro- with Peri- 
Level, % scopically Infection nitis gitis purulent)  tonitis Tumors Two Years 


11 3 1 
8 ee ee 1 
6 1 
6 ee 2 


TABLE 9.—Spontaneous Tumors in Rats Given 2-Ethylhexyl Diphenyl Phosphate 


Single Repeated 
Oral Dose Oral Doses 
of 2-Ethyl- of 2-Ethyl- 2-Ethylhexyl Diphenyl Phosphate 
Rats Fed hexyl hexyl Added to Diets Over Two-Year Period 
Control Diphenyl Diphenyl —— A 
Type of Tumor Diet Phosphate Phosphate  0.0625% 0.125% 1.0% 5.0% 


Reticulum cell sarcoma.... 6 0 0 ° 6 3 3 0 
Fibroadenoma of breast... b 0 0 0 0 
Adenomatous hyperplasia 

of pituitary 2 0 
Fibrosarcoma of subcu- 

taneous tissue 0 0 
Squamous cell carcinoma 

of skin 1 


6 


animals, although fewer controls lived as long as the corresponding groups of 
experimental animals. 

The presence of adenomatous hyperplasia of the chromophobe cells of the 
anterior lobe of the hypophysis of rats is not unusual. Saxton * studied 8&4 rats 
between the ages of 1 and 12 months and found no such lesions, but in 43 rats 
between 12 and 30 months of age there were 17 lesions, an incidence of 39%. 

There were 12 tumors which have been identified as reticulum cell sarcomas 
among the animals in the several groups fed on a diet containing 2-ethylhexyl 
diphenyl phosphate, and 6 such tumors were found in control animals of similar 
age. These tumors were composed of large pleomorphic cells, with hyperchromatic 


2. Saxton, J. A.: The Relation of Age to the Occurrence of Adenoma-like Lesions in the 
Rat Hypophysis and to Their Growth After Transplantation, Cancer Res. 1:277-282 (April) 
1941, 


30 2 13 
ss 30 3 18 
26 1 6 12 
27 7 12 
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nuclei; mitotic figures were numerous, and many were bizarre. It is of interest 
that while these tumors were locally invasive and had highly malignant cytologic 
features metastases were not observed. 


LONG-TERM FEEDING TO DOGS 


Two dogs (A-8 and A-10) survived over a period of 26 months, during which 
each was given 0.5 ml. of 2-ethylhexyl diphenyl phosphate per kilogram per day 
on six days of each week. Early in the experimental period both of these dogs and 
the corresponding control (A-11) developed distemper. The control animal died, 
but the other two, after recovery, remained healthy until they were killed immedi- 
ately after the period of experimental feeding. 

Each of two dogs (A-16 and A-17) was given 1.0 ml. of 2-ethylhexyl diphenyl 
phosphate per kilogram per day on six days of each week for 24 months without 
exhibiting any signs of intoxication, and during this same period the corresponding 
control also remained healthy. At the end of this period these dogs were killed. 

The growth curves for Dogs A-8, A-10, and A-11 are shown in Chart 4, and 
the corresponding curves for the dogs in the second group are given in Chart 5. 
It is apparent that Dogs A-16 and A-17 which were given the larger dosage (about 
2.5% of their diet or 25,000 ppm) grew at a somewhat retarded rate throughout 
the experiment. The early death of Dog A-11, which was to have served as a control 
for its litter mates, A-8 and A-10, eliminated this source of directly comparable 
data on growth, but in view of the genetic similarity of the two litters of dogs, the 
growth curve of Dog A-15 can be used for comparison with some advantage. With 
this criterion, despite the somewhat greater initial and final weight of this animal, 
there seems no evidence of any adverse influence on the growth of Dogs A-8 
and A-10. 

No gross or microscopic alterations in the tissues of these animals were noted 
post mortem. 

SUMMARY 


2-Ethylhexyl diphenyl phosphate has appeared to be innocuous when adminis- 
tered orally to rabbits and rats either in a single large dose or in a series of 
moderately large doses, since the animals survived without untoward effects and 
without gross or microscopic changes in their tissues. 

The minimum lethal dose of 2-ethylhexyl diphenyl phosphate when injected 
intravenously into rabbits lies between 0.218 and 0.272 gm. per kilogram of body 
weight. 

No demonstrable local or systemic effects were observed as the result of main- 
taining large quantities of the substance upon the intact or abraded skin of rabbits 
for periods of either 7 or 24 hours. 


Rats fed exclusively on a diet contaminated with 5.0% of 2-ethylhexyl diphenyl 
phosphate refused most of the food, lost weight progressively, and died promptly. 
In none of these animals were there organic lesions that could be related to their 
ingestion of the compound. 


The mortality over a period of two years among groups of male and female 
rats given food containing 1% or less of 2-ethylhexyl diphenyl phosphate was not 
greater than that encountered among corresponding groups of control rats. No 
relevant pathologic changes were observed in the tissues of these animals. 
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Rats fed 2-ethylhexyl diphenyl phosphate at the dietary level of 1% (10,000 
ppm) grew at a significantly retarded rate as compared with corresponding con- 
trols. The rates of growth of controls and of test rats of the corresponding sexes 
fed dietary levels of either 0.0625 or 0.125% (625 or 1,250 ppm) were not 
significantly different when compared statistically. 


Two dogs grew at retarded rates but survived without any signs of intoxication 
during the period of 24 months in which each was fed 1.0 ml. of 2-ethylhexyl 
diphenyl phosphate per kilogram of body weight on six days of each week. The 
amount given daily corresponded to 2.5% of the weight of food ingested. 

Two other dogs appeared to grow normally and survived without any untoward 
effects during the period of 26 months in which each was fed 0.5 ml. of 2-ethyl- 
hexyl diphenyl phosphate per kilogram of body weight (equivalent to dietary 
content of 15,000 ppm) on six days of each week. 

No gross or microscopic abnormalities were found in the tissues of any of 
these dogs when they were examined post mortem. 


FUMES AND GASES FROM SELENIUM RECTIFIERS ABUSED 
BY GROSS OVERLOADING 


PHILIP DRINKER, Ch.E., Sc.D. 


BOSTON 
AND 


K. W. NELSON, B.Ed. 
SALT LAKE CITY 


XPERIMENTS were designed primarily to measure quantitatively the selenium 
in fumes and gases released when selenium rectifiers are heavily overloaded. 
Preliminary work by Perkins, Amdur, and La Torre had shown that elementary 
selenium and selenium dioxide are produced. Also, there was qualitative evidence 
(blackening of lead acetate paper) that hydrogen selenide and/or gaseous organic 
selenides are evolved through the reaction of selenium with the organic lacquer and 
finish coatings used in rectifier manufacture. 
Because a Cd-Bi alloy is used in rectifiers as a conductive coating, the cadmium 
content of fume was determined as a side issue. 


RECTIFIERS AND BURN-OUT METHODS USED 


Selenium rectifiers rated at 200 ma. D. C., 130 volts were used. Rectifiers of 
this rating are commonly used in radios and small television sets. 

Burn-out method No. 1 consisted of applying 115 volts A. C. directly to the 
rectifier terminals and noting the D. C. current value reached. In all cases the 
maximum ammeter reading was about 8 to9 amp. Burn-out was almost instantane- 
ous, after which the rectifiers became nonconducting. There were arcing, visible 
fume, and flame. Rectifiers burned out in this manner showed a burned area around 
the central core and red selenium deposited on the individual plates. 

Burn-out method No. 2 consisted of applying A. C. voltage from a Variac until 
a D. C. current of 2 amp. through the rectifier was attained. Current flow was 
followed for 20 minutes. After one minute the current increased to about 2.5 amp. 
In the second or third minute it decreased to about 0.6 amp. and maintained that 
value for the remainder of the 20-minute period. The behavior of rectifiers burned 
out in this way was similar in all instances. There was visible fume. The rectifier 
plates showed evidence of overheating in that the selenium and Cd-Bi alloy conduc- 
tive coating had melted and run beneath the paint finish coat, collecting in globules 
at the lower edge of the plate. There was some red selenium deposit, but no burning 
of the paint finish. 


From the Department of Industrial Hygiene, Harvard School of Public Health, and the 
Hygiene Department, American Smelting and Refining Company. 
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TEST PROCEDURES 


The apparatus used for collecting fumes and gases evolved during the burn-out of rectifiers 
by both methods is shown in the Figure. The substances volatilized were passed first through a 
filter paper (nutrient pad supplied with Lovell Millipore AA filters), then through a Millipore 
AA filter, through a combustion tube (bright red heat) to oxidize compounds of selenium, and 
finally through a second Millipore filter. 


The rate of air flow through the apparatus was 2 liters per minute (21pm). Total flow during 
burn-outs by method No. 1 was 15 liters; by method No. 2 it was 40 liters. The bleeder valve 
served to regulate the air flow and to cool the combustion tube effluent with room air so as not 
to damage the final Millipore filter. 


When rectifiers were burned out in the apparatus by method No. 1, the nutrient 
pad was stained a reddish-black on the input side and a typical selenium red on the 
opposite side. The nutrient pad had a foul odor. 


Air Air Outlet 


Selenium test apparatus for collection of substances volatilized from overloaded rectifiers. 
The diagram shows the following: (1) 4 liter glass jar; (2) selenium rectifier; (3) rotameter ; 
(4) rectifier electrical leads; (5) filter paper; (6) molecular filter; (7) filter holder; (8) heating 
element; (9) quartz combustion tube; (10) molecular filter; (11) filter holder; (12) bleeder 
valve, and (A) D. C. ammeter. 


The first Millipore filters were stained a selenium red. The color seemed to 
have “run” somewhat, indicating possibly that the selenium reached the papers in 
the form of very small supercooled liquid droplets. The stain did not in any case 
penetrate through the filter. The final Millipore filters showed no visible stain. 
There was no odor to the air passing through the final filter and vacuum pump. 

When rectifiers were burned out by method No. 2, the nutrient pad and first 
Millipore filter were stained red. The nutrient pad had a slight odor similar to the 
odor produced when elementary selenium is melted. The final Millipore filters had 
a slight stain which is presumed due to dust particles from the larger volume of room 
air admitted through the bleeder valve of the apparatus. There was no odor to the 
air passing through the final filter and vacuum pump. 


The electrodes from which the rectifiers were suspended in the bottle gradually 
acquired a reddish deposit in the course of the experiments. Thus a percentage loss 
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of total fume evolved during burn-outs is clear. However, the same type of loss 
would occur should rectifiers burn out in actual use. In fact, greater surface for 


condensation in the average radio or TV set would further decrease the amount of 
air-borne fume. 


The selenium content of filters was determined by the official method of analysis of the 
Association of Official Agricultural Chemists (A. O. A. C.).1. The procedure involves wet 
digestion of organic matter with mercuric oxide as a selenium fixative, separation of Se by 
distillation as the volatile bromide, reduction of the bromide to elementary Se with SOs, iso- 
lation, and estimation as HeSeOs by titration with standard sodium thiosulfate and iodine. In 
our hands the method has given recoveries of 72 to 95% from known amounts of selenium 
ranging from 20 to 100 vy. Lower recoveries were invariably associated with the smaller 
amounts of selenium. With 20 v, for example, recoveries were 72 to 87%. 


The cadmium content of nutrient pads plus first Millipore filters was determined by a 
dithizone-polarographic procedure. 


The analytical data are shown in Table 1. The high weight loss of rectifiers after 


burning out, as compared with the total weight of selenium and cadmium recovered 


TABLE 1—Amounts of Selenium and Cadmium Recovered After Burning Out of 
Various Rectifiers 


Total Se and Cd Nutrient Total 
Burn-Out Rectifier Pad + Ist Millipore Filter, y Se, Final 
Method, Weight r Millipore 
Rectifier No. Loss, Mg. Cd Filter, y 


~ 


5,040 
240 
1,220 
583 
27 
Nil 
Nil 
Nil 


1 
1 
1 
2 
2 
2 


tw 


on filters, may be ascribed to volatilization of moisture, paint constituents, and pos- 
sibly bismuth. 

It can be seen from Table 1 that there is considerable variation in the amount of 
selenium evolved from the various rectifiers. Significantly greater quantities of 
selenium and appreciable cadmium were evolved from rectifiers burned out by 
method No. 1. This finding is consistent with the arcing and flaming observed. 

Several possibilities may account for the selenium found on the final filter: 
(1) H2Se may have been formed, oxidized to SeO, in the combustion tube, and the 
SeOz collected on the filter; (2) organic selenides, gases or vapors, may have been 
oxidized and collected; (3) selenium compounds or selenium as particles or liquid 
droplets small enough to pass the first filters (< 0.9 «) may have been oxidized and 
collected by the final filter, and (4) selenium vapor may have been oxidized and 
collected. The qualitative tests with lead acetate paper mentioned before support the 
first and second possibilities, especially in the case of rectifiers burned out by method 
No. 1. 

We cannot say what proportion of selenium apparently evolved in a gaseous state 
is contributed by each of the various possibilities outlined above. We can, however, 


1. Official Methods of Analysis of the Association of Official Agricultural Chemists, Ed. 7, 
Menasha, Wis., George Banta Publishing Company, 1950. 


| 147 3,240 145 
36 300 22 
86 222 
78 200 11 
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assume that all of the apparently gaseous selenium was present as hydrogen selenide 
and calculate the atmospheric concentration of hydrogen selenide that would be 
created in a given space. Similarly, we can calculate the atmospheric concentration 
of selenium and cadmium as fume. 

We shall take the extreme case—Rectifier A, which released the greatest amount 
of fume and “gaseous” selenium. In a sealed relatively small room of 40 cu. m. 
volume, the total gaseous selenium from Rectifier A, mixed with room air (25 C. 
and 760 mm. Hg), would create a concentration (as H2Se) of 0.0011 ppm or 
0.0000037 mg./l. Dudley * noted that human exposures to concentrations above 
0.005 mg. He2Se per liter caused eye and nose irritation and that exposures for 
several minutes to a concentration of 0.001 mg. H2Se per liter were withstood with- 
out noticeable effects. The American Conference of Governmental Industrial 


Hygienists (A. C. G. I. H.) recommends 0.05 ppm as the maximum concentration 
for eight-hour exposures.° 


TasLeE 2.—Sensory Effects and Concentrations of Selenium and Cadmium in Human Exposures 
to Burned-Out Rectifiers 


Burn-Out Rectifier 


Coneentrations* (Mg./M.%) 
Method, Weight Appearance “~ 
Rectifier No. Loss, Mg. During Burn-Out Odor Se Cd 
I 2 14 No visible fume Slight resinous 0.03 <0.02 
or “Bakelite” 
J 2 65 Visible fume Definite resinous 0.03 <0.02 
K 1 75 Momentary sparks Foul 0.05 <0.02 
and flame, visible 
fume 
L 1 71 Momentary sparks Foul 0.02 <0.02 
and flame, visible 
fume 


* Approximate only. Selenium determinations on a % aliquot of the ashed filter solutions involved 
measurement of 1.2 to 2.3 y of selenium. We are not at all sure of our method in these very low ranges. 
The cadmium in the remaining portion of solution was undeterminable by our method. But, considering the 
sensitivity of the procedure, the atmospheric Cd concentrations were surely less than 0.02 mg./m.® 


Selenium and cadmium fume from Rectifier A would have produced theoretical 
atmospheric concentrations in a closed 40 cu. m. room of 0.08 mg. Se/m.* and 
0.13 mg. Cd/m.*, respectively. The recommended limits are 0.1 mg./m.* for Se and 
0.1 mg./m.* for Cd, again for continuous eight-hour exposures. 


HUMAN EXPOSURES 


To note any sensory effects of fume or gas from burned-out rectifiers and to measure fume 
concentrations, rectifiers were burned out singly in a sealed 1200 cu. ft. (34 cu. m.) gas chamber 
with both of us in the chamber. Two rectifiers were burned out by method No. 1 and two 
by method No. 2. The exposure and sampling periods in each case continued for 10 minutes 
beyond the moment of initial current flow through the rectifiers. Fume samples were collected 


on AA Millipore filters. Sampling rate was 10 lpm. A desk fan was used to circulate chamber 
air. 


A summary of our observations and the estimated atmospheric concentrations 
of Se and Cd are shown in Table 2. There was a distinct difference in odor gen- 
erated by rectifiers burned out by the two methods. Those burned out by method 


2. Dudley, H. C., and Miller, J. W.: Toxicology of Selenium: VI. Effects of Subacute 
Exposure to Hydrogen Selenide, J. Indust. Hyg. & Toxicol. 23:470-477 (Dec.) 1941. 


3. Threshold Limit Values for 1952, A. M. A. Arch. Indust. Hyg. 6:178-180 (Aug.) 1952. 
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No. 1 created a foul, objectionable odor seemingly all out of proportion to the small 
volume of fume observed. One passer-by, noting the odor as the chamber was being 
aired out and unaware of the nature of the experiments, identified the smell as that 
of carbon disulfide. Since H2Se and seleno-mercaptans are highly odorous, the 
objectionable odor is a further indication that such compounds are formed. 

During our stay in the chamber, neither of us experienced any eye, nose, or throat 
irritation during the exposure or afterward. An apparent diminution in odor was 
noticed after the first few minutes of exposure. 

Burned-out rectifiers were handled freely with bare hands. There were no skin 
effects or sensations. 


SUMMARY AND CONCLUSIONS 


An investigation was carried out to determine the possible atmospheric concen- 
trations of selenium and cadmium fume and of gaseous selenium compounds that 
might be created by the destructive overloading of selenium rectifiers of a size in 
common use. 


Under extremely heavy overloading, unlikely in any properly fused circuit, recti- 
fiers released measurable quantities of selenium and cadmium fume and of selenium 
apparently in the form of a gaseous compound. Current overloading to the extent 
necessary to produce visible arcing and almost instantaneous destruction generated 
more fume and gas than smaller overloading which resulted in a more gradual 
deterioration of rectifier performance. 

Evidence was obtained that gaseous selenium, calculated as H2Se, from a burned- 
out rectifier of commonly used size would not approach in a small sealed room the 
atmospheric concentration limit (eight-hour exposure) recommended for hydrogen 
selenide. 

Calculated and actual atmospheric concentrations for selenium and cadmium 
fume in a small sealed room were below or near the recommended limit for eight- 
hour exposures. 

In human exposures to fume and gases from single burned-out rectifiers, no 
untoward effects were noted. 

In view of these investigations and of the several factors which would mitigate 
exposure—objectionable odor, ordinary ventilation, brief exposure periods—it is 
considered that there is no danger to the health of radio and TV owners or service 
men trom the occasional accidental burning out of selenium rectifiers. 


Abstracts from Current Literature 


General 


OccuPATIONAL POTENTIALITIES OF THE Carpiac Patient. L. H. Bronstein, L. J. 
Go.tpwater, and B. Kresky, Geriatrics 8:252 (May) 1953. 


The report is concerned with the occupational potential and the specific problems of persons 
who are 55 years of age or over at the time heart disease develops. It is based on clinical 
records supplemented by personal interviews. These patients survived and continued to attend 
the clinic regularly, and for this reason these findings cannot be considered representative of 
all older patients with heart disease. 

The records of 580 patients were analyzed and revealed that many patients with cardiac 
defects in the sixth and seventh decades of life can and do work successfully. Continued employ- 
ment does not appear to have any adverse effects on the course of heart disease. As a whole, 
however, the employment experience of the cardiac patient over 55 is less successful than that 
of the younger person with a cardiac disorder. Clinical experience has shown that two factors 
are responsible: (1) The cardiac capacity of patients whose heart disease develops after 55 
years of age is usually initially diminished to a greater extent than that of: younger cardiac 
patients, and (2) selective job placement presents greater problems in elderly persons. 

A detailed study of the employment needs of 33 patients over 55 years of age w-t') degenera- 
tive heart disease showed that 20 of these patients were working and 6 more were considered 
employable by the physician and the vocational counselor. Only seven were unable to work 
because of cardiac disability. 

This study and statistical analyses indicate that counseling, testing, and placement agencies 
should interview all cardiac patients who are considered suitable for placement by the physician. 
Age, functional, and therapeutic classifications should not be an arbitrary barrier. Upon advising 
a patient with heart disease to return to work, physicians should supplement the functional 
and therapeutic classifications with specific recommendations concerning hours per day, hours per 
week, and amounts of carrying, lifting, walking, and traveling a patient can do. 

In the concluding summary the authors stress that through the application of selective 
placement techniques and with a reasonable amount of medical supervision a considerable 
proportion of cardiac patients in the sixth and seventh decades can enter into and remain in 
useful employment. 


PROCEEDINGS OF First ANNUAL CONFERENCE ON INDUSTRIAL VISION, Rutgers University, 
New Brunswick, N. J. Price 50 cents. Obtainable from Dr. Andrew W. Fischer, New 
Jersey Optometric Association, 162 W. State St., Trenton 8, N. J., 1953. 


Ten papers covering various subjects pertaining to industrial vision were presented at this 
conference. The meaning and value of visual programs were discussed from two standpoints : 
the meaning to employees, management, and the community, by L. H. Whitney, and the meaning 
in labor relations, by L. F. Johnson. The installation and operation of vision programs was 
discussed by R. J. O’Shea in the light of Army experience. H. B. Peters gave suggestions 
and discussed problems concerning the organization of a workable vision program. Under the 
title “Eyes for Defense,” R. R. Sullivan emphasized the need of good vision in the Navy, 
discussed the hazards, and described the Navy’s program. The subject of industrial eye injuries 
was reviewed in outline form by Hedwig S. Kuhn. Control of eye accidents as one phase of 
a visual program and the savings achieved from accident control were discussed briefly by 
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W. N. Cox. Two papers dealt with lighting: H. L. Logan spoke on lighting as a means of 
reducing accidents, and S. K. Guth spoke on the relation of lighting to the job. The functional 
use of color in the working environment was the subject of a paper by F. Birren. 


Inpust. Hye. Digest. 


THE ProspLemM DRINKER IN INDusTRY. H. R. Masters, South M. J. 46:413 (May) 1953. 


Masters is concerned with alcoholism as the drinking affects the health and efficiency of the 
employee and produces absenteeism and accident liability. Any time that an employee drinks 
enough to be absent from or late to his work and slow on the job, he is drinking too much, 
and if this is a regular or frequently recurring thing, he may be classified as a chronic alcoholic. 

It is variably estimated that there are from 3,000,000 to 5,000,000 excessive drinkers in the 
United States, and of these some 800,000 or more are chronic excessive drinkers and may be 
classified as chronic alcoholics. Jellinek, of the Yale Plan Clinic, estimates that in a given 
year excessive drinking caused the loss of approximately 30,000,000 working days and that the 
loss in wages in that year was $432,000,000. This does not include production or monetary 


loss to industry, nor does it include the cost of medical or state or federal care, which runs into 
millions of dollars. 


After commenting on the personality disorders that are frequently observed in the chronic 
alcoholic, Masters stresses that it should be recognized in industry that alcoholics are ill. He 
shows that maladjusted persons, alcoholics, and, potential alcoholics can be eliminated through 
proper preemployment screening methods. Since alcoholism is an illness, an attitude of tolerance 
and understanding is required; both harshness and coddling should be avoided. The employee 
should not be fired for his first offense. This is the time to take a positive sympathetic but 
warning attitude in regard to the situation and to suggest that the employee, wih the help of 
the medical department, do something about it. To render that help, industry must set up rules 
for the employees and gear its key men and medical department to that end. 

The safety department of the industrial plant should not neglect educational campaigns 
among the workers designed to prevent the unwise use of alcohol. 


The alcoholic is frequently accident prone, and his negligence creates a hazard to his 
employers and fellow workers. 


The alcoholic requires treatment. Sources outside of industry can be utilized, such as state 


clinics for the treatment of alcoholics, social and religious agencies, Alcoholics Anonymous, 
and psychiatrists. 


VIEWPOINTS ON AN OCCUPATIONAL HEALTH SERVICE: Symposium. C. R. Date, B. CARDEw, 
and T. G. FautKNeER Hupson, Tr. A. Indust. M. Officers 2:164 (Jan.) 1953. 


The following viewpoints on the subject of occupational health are expressed by the authors: 

C. R. DaLte.—The major deficiency in occupational health services is in the smaller under- 
takings. In order to overcome this deficiency, there should be a vigorous program of leadership 
by some one government department. Only through the advise and guidance of such a depart- 
ment can the efforts of managements, trade unions, and the medical profession be effective. 

Before a department can be formed, over-all responsibility must be assigned to the 
Ministry of Health, the Ministry of Labor, or the Ministry of National Insurance. Once a 
government department with final responsibility for the extension of health services to smaller 
concerns has been established, a Central Advisory Committee can be formed to coordinate the 
efforts of the industrial and medical professions, There is an additional need for trained 
personnel and an extension of medical training in occupational health. 


B. CarpEw.—The problem of extending and unifying a program for occupational health 
involves the necessity of having medical care both at home and at work. It is therefore 
necessary that a large number of physicians acquire the specialized knowledge needed for 
industrial medicine. The present framework does not provide adequate opportunities for the 
general practitioner to gain such knowledge. 
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The desirable solution to the problem of organizing occupational health services would be 
the establishment of a Regional Health Authority. Such an organization could plan the program 
for a region so that available resources would be most economically used. 

T. G. FauLtkner Hupson.—The responsibility for organizing health services should not 
rest with any particular Ministry but with employers and managers in association with the 
workers represented by the trade unions. A selective extension of health services is needed, 
especially in the small working groups not covered by the Factory Acts. 

Priority should be given to the provision of labaratory services and to the creation of a 
firmer link between physicians and others concerned with health at work. The medical profession 
should strive to better itself for the task of furthering health at work. By concentrating on 


these more practical aims, we can achieve more than by following more ambitious but less 


realistic plans. C. A. Cowarptn, Boston. 


Some Aspects OF REHABILITATION AND PLACEMENT OF THE INCAPACITATED WORKER. 
W. E. Georce, M. J. Australia 1:435 (March 28) 1953. 


The problem of rehabilitating disabled workers and thus restoring their earning power has 
become especially important in all countries which have instituted programs for unemployment 
compensation and the pensioning of the disabled. This policy destroys the main stimulus for 
return to work by alleviating the economic stress that would otherwise accompany unemploy- 
ment. Such unemployment is a double drawback to the economy of a nation, since it must 
support the worker while at the same time it is losing his production. 

Rehabilitation of partially disabled workers is hindered by several factors. The compensation 
benefits are often so generous that there is little to be gained financially by a return to work. 
It is frequently difficult to find employment for the disabled which does not represent a lowered 
economic standard and yet does not require the learning of new skills. The worker is often 
psychologically unprepared to leave his old accustomed job. 

In order that these factors may be overcome and the disabled man successfully rehabilitated, 
there must be close cooperation among the physicians, employers, insurers, and the worker 
himself. It is of great importance that a man not be disqualified for all forms of works simply 
because his condition makes him unable to continue in his previous employment. It is also often 
possible for a worker to continue in his regular job if periodical medical checks are made. 


C. A. Cowardin, Boston. 


REHABILITATION AND PLACEMENT OF THE INCAPACITATED WorKER. G. G. BURNISTON, 
M. J. Australia 1:440 (March 28) 1953. 


Rehabilitation can be considered the “third phase of medicine” and as such is as important 
as “prevention” and “specific surgical and medical treatment” even though it has often been 
neglected. Successful rehabilitation depends on the coordinated efforts of surgeon or physician, 
nurses, therapists, and medical social workers as well as the employer and the patient himself. 
The problem of rehabilitation is twofold, involving, first, the temporarily incapacitated and, 
secondly, the permanently incapacited.. 

Both British and American programs are cited as illustrations of successful means of 
rehabilitating temporarily the partially disabled. Such programs in the large hospitals of these 
countries consist of a rehabilitation department coordinating the work of the physical and occu- 
pational therapists and of the medical services. Plans of this sort speed the return of the worker 
to his status as a self-supporting unit of the economy. 


The problem of the permanently disabled is a more difficult one. In some cases the same 
program of rehabilitation can be followed as for the temporarily disabled worker. In these 
instances suitable employment can be found that lies within the range of ability of the disabled 
worker. Often, however, the handicap is so great that the patient can work only under special 
“sheltered” conditions. Factories providing such conditions have been established in England but 
have not been altogether successful. 
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The article includes an account of some of the major rehabilitation efforts in Australia. 
These consist of the establishment of rehabilitation centers which carry on occupational therapy 
programs whereby the patient is helped to regain lost skills or to acquire new ones. The 
program also provides for an assessment of work capacity, thus facilitating a successful 


placement of the patient in industry. wae So 


Physiology and Nutrition 


Carson Dioxipe AND ResprrRatorY REGULATION AT ALtitupe. F. G. Hatt, J. Appl. Physiol. 
5:603 (April) 1953. 


Fourteen young men exposed to a simulated altitude of 22,000 ft. breathed gas mixtures with 
varying concentrations of carbon dioxide. The partial pressures of oxygen and carbon dioxide 
in alveolar air were correlated with pulmonary ventilation measurements. The results indicated 
that hypoxic and carbon dioxide stimuli act independenly to produce changes in pulmonary 
ventilation at altitude. When both are strong, they act additively. When, however, the alveolar 
partial pressure of carbon dioxide falls below a certain level as a consequence of an increased 
alveolar ventilation, the level of that ventilation would seem to depend solely upon the strength 
of the hypoxic stimuli. 


Avutuor’s Summary [Inpust. Hye. Dicest]. 


AbAPTATION TO HigH ALTITUDE: CHANGES IN LUNG VoLUMES DURING THE First SEVEN Days 
at Mr. Evans, Cotorapo. S. M. Tenney, H. Raun, R. C. Stroup, and J. MITHOEFER, 
J. Appl. Physiol. 5:607 (April) 1953. 


The lung volumes of four subjects during a seven-day stay at 14,250 ft. have been studied, 
and the following trends observed. The vital capacity decreased during the first three days, then 
progressively increased in all subjects and exceeded sea-level values in two subjects. The residual 
volume increased the first day, then fell during the next four days, and had leveled off by the end 
of the week so that three subjects were above control values and one subject was just at sea- 
level value. The total capacities were high initially, but by the end of the week two subjects 
had total volumes above those at sea level and two below. The expiratory reserve volume in- 
creased progressively in all subjects over the first six days. Breathing oxygen in all four sub- 
jects and continuous positive pressure breathing in two subjects failed to increase the vital capa- 
city. Certain implication of the lung volume changes, particularly as concerns pulmonary blood 


volume changes, are discussed. AutHors’ Summary [Inpust. Hye. Dicest]. 


Occupational Diseases and Hazards 


DERMATITIS VENENATA DUE To NativE Woops. L. F. Weper, A. M. A. Arch. Dermat. & 
Syph. 67:388- (April) 1953. 


The patient whose case is reported was a man, aged 59, who attributed his generalized 
dermatosis and his loss of weight to woodworking. Improvement failed to occur during the 
first month of hospitalization. During the following months, itching, chilliness, and sleeplessness 
became more annoying. Other disturbances were loss of weight (24 lb., or 11 kg.), enormous 
enlargement of the superficial lymph nodes, and alopecia of the scalp and axillae. Repeated 
histologic diagnoses of chronic dermatitis ruled out cutaneous lymphoblastoma. The allergic 
dermatitis and generalized adenopathy subsided spontaneously after six months of hospitalization. 
The patient’s employer then restricted the patient’s work to sawing and sanding poplar wood, 
and one week later the patient again had generalized dermatitis venenata. 

Reconstruction of this case, once the cause was found, suggested that in the beginning a sub- 
acute dermatitis of the hands and forearms was due to sawdust of poplar. Slowly the patient’s 
dermatitis became generalized, and for months it simulated cutaneous lymphoblastoma. The 
second attack after his return to woodworking and the positive reactions to patch tests proved 
the sensitizing capacity of poplar sawdust. 

Furniture makers are exposed to heartwood, the central portion of the tree, which contains 
substances that are eczematogenic in some persons. The major components of wood, such as 
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cellulose and lignin, are not at fault but rather the ones which amount to only about 3.3% of 
the wood substance; some of these are resins, terpenes, oils, phenols, tannins, coloring matter, 
and nitrogen-containing substances. Other wood components contain the acetyl group and formic 
acid. 

The native woods which are cutaneous sensitizers are acacia, alder, ash, beech, birch, chestnut, 
cedar, creosote bush, elm, maple, mesquite, oak, pine, poplar, prune, and spruce. Poplar pro- 
duced allergic reactions quite frequently from observations in the author’s practice. He also 
observed that dermatitis venenata due to native woods usually had its onset between the ages of 
40 and 60 years. Generally men showed no sensitization to sawdust for many years, but in 
several cases skin resistance was overcome by massive exposure to sawdust. In other workers 
attacks of dermatitis occurred after injury or other causes had resulted in absence from work. 

Several workers became sensitized to a foreign wood and later to a native one. Others became 
sensitized first to a native wood and later to a foreign one. One patient became sensitized to 
four woods. He was forced to give up the sawing of wood but was able to handle the finished 
wood without trouble. 

Mechanical trauma may be a cause of dermatitis in woodworkers. Sawdust and fragments of 
wood produced by machine tools are sharp-edged, and when they strike the skin with sufficient 
force they traumatize it. Usually the reaction is transitory and superficial; it may progress 
until there is considerable thickening of the skin. Occasionally such a traumatic dermatitis is 
the forerunner of sensitization dermatitis. The objective signs of traumatic dermatitis and of 
allergic dermatitis are similar; patch tests may distinguish between the two. 


HERNIATION OF LUMBAR INTERVERTEBRAL DisKs IN COAL MINERS: PRELIMINARY REPORT. 
E. L. Gace and W. A. Suarer, Am. Surgeon 19:577 (June) 1953. 


Since 1946, Gage and Shafer operated on 564 patients for herniation of one or more lumbar 
intervertebral disks. This paper deals specifically with 303 of these patients who were coal miners. 
Their average age was 36 years, the youngest being 19 and the oldest a retired miner of 79 
years. Some of these men worked at loading coal while on their kness or in stooped positions in 
coal tunnels no higher than 26 to 40 in. (66 to 100 cm.). Others laid ties and rails and prepared 
track for the coal cars or placed heavy timbers on top of upright pilings to support the tunnel 
roof. Still others handled heavy equipment, ran motors and coal-cutting machines, handled duck 
bills, or used explosives for shooting coal. These are laborious tasks, permitting repeated trauma 
to the low back, which has been considered productive of the disk cracking and degeneration 
preceding herniations. 


Of-the 303 coal miners, 35.9% claimed direct injury as a cause of their complaints, but only 
22.7% were considered to be work injuries. One hundred eighty-four patients, or 60%, gave no 
history of injury. 

Thirty-three per cent of the patients had single lesions; 56% had two disks involved, and 
5.6% had three pathologic disks. This is a rather high percentage of multiple disk involvement, 
and it suggests that many of the patients with single disk lesions may have become symptom free 
with conservative treatment. Three and six-tenths per cent revealed no disk lesion at operation 
to explain both backache and sciatica, notwithstanding repeated preoperative attempts to rule 
out other etiologic factors. 

Plain roentgenograms and laboratory tests were not diagnostic, and it was found that the 
diagnosis of lumbar intervertebral disk herniation had to be made primarily by the neurologic 
examination, supplemented in the case of 14% of the patients by myelography. 

Two hundred seventy-seven of the patients returned to work or were convalescing satis- 
factorily at the last follow-up. A report on their work records and ability to remain at work, 
together with a later complaint and morbidity report, must await the analysis of a five-year 
follow-up. 

The authors believe that miners with true disk herniations who have not been relieved by 
conservative treatment should be operated upon, that the present type of operative procedure is 
medically and economically sound, that the majority of the lumbar disk patients can then return 


to work at the mines, but that most miners who have had multiple disk lesions should not work 
in extremely low coal seams. 
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InpUSTRIAL DERMATOSES. JOHN Eric Datton, Indust. Med. 22:167 (April) 1953. 


The medical, sociological, and economic problems arising from industrial dermatoses are 
reviewed. Diagnosis and treatment of a given condition is no longer considered sufficient, but 
both employer and employee now look to the medical profession to discover the cause of such 
conditions. The worker is concerned because of the relation to his income. The consumer is also 
interested, because he must ultimately share the cost of occupational disabilities. Among the 
factors involved in industrial dermatoses are age, skin character, sex, diet, and other diseases. 


Cc. A. Cowarptn, Boston. 


THE ReLation BETWEEN OccupATION AND HeattH As SEEN IN GLOosGow SEWERMEN. 
James H. Bett, Tr. A. Indus. M. Officers 2:141 (Jan.) 1953. 


The author surveys the working conditions and the nature of the work of the sewermen in 
Glosgow in order to introduce the subject of the medical condition of these workers. He states 
that the job requires the men to work in extremely cramped quarters often with very poor 
ventilation. The worker is retarded by the accumulation of silt at the bottom of the sewer and 
surrounded by the part liquid, part solid waste material which flows through passages. 

The commonest causes for absence from work were muscular rheumatism, sciatica, and 
lumbar strains. Respiratory conditions caused only a small proportion of absences. Lepto- 
spiral infection and gassing were the causes of death which could be attributed directly to occupa- 
tion. Medical examinations of the sewermen showed cardiovascular changes, defects in the 
lumbar region of the spine, and skin lesions to be the major abnormalities. 

As a result of his investigation, the author recommends improved lighting and ventilation, 
rodent control, and review of trade wastes in the sewers. He also advises periodical medical 
examinations of the workers, improvement in their clothing and washing facilities, and an age 


limitation. In particular, the control of leptospirosis should be improved by systematic rat con- 


trol and possibly by immunization. C. A. Cowarprn, Boston. 


Weit’s DISEASE IN THE GLosGow FisH-MarKET. T. S. Witson, Tr. A. Indus. M. Officers 
2:151 (Jan.) 1953. 


Weil’s disease is a hazard in occupations which involve contact with water or moist articles 
which have been contaminated with rat’s urine in which the organism Leptospira icterohae- 
morrhagiae is carried. Disease antibodies appear in the serum of the infected person, reach 
a high level, and then gradually decrease over a number of years. Serum antibodies provide 
an indication of the disease even when the typical jaundice does not appear. 

An extensive serological survey of Glasgow fish-market workers is reported. It indicates 
that there is an increase in the disease in late summer and autumn and a higher fatality rate 
among older workers. However, the number of cases discovered by serological study was 


insufficient to justify the use of a prophylactic vaccine. C. A. Cowarpin, Boston. 


WEIL’'s DISEASE IN THE ScoTTisH Coat Mines. W. C. SHarp, Tr. A. Indus. M. Officers, 
2:155 (Jan.) 1953. 


Weil’s disease is a definite problem in mining health, but it seems to be limited to coal 
mines. There has been an unexplained geographical variation; the disease, first dominant 
in the east, then moved west, and finally has returned to the east again. There has been 
an increase in mortaltty in recent years. Only one death was reported from 1947 to 1950, while 
eight persons died of the disease in 1951 and 1952. 

The factors associated with death from the disease were renal, hepatic, and cardiac failure. 
Treatment was with penicillin therapy, supplemented by the intravenous administration of 
dextrose and in some cases the transfusion of whole blood or serum. The most important 
elements in preventing the disease are rat extermination and prevention of reinfection. 


C. A. Cowarpin, Boston. 
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FarMeEr’s Luna. T. C. Stuppert, Brit. M. J. 1:1,305 (June, 13) 1953. 


Studdert says that a condition named “farmer’s lung” has been described in the literature, 
but confusion exists about the causation and history of the disease. The condition appears to be 
commonest in regions with high rainfall at haytime and with primitive methods of harvesting 
and storage in closed barns. The old threshing barns are still in use, and many farmers 
remember cases of sudden death following acute chest symptoms in men working all day in 
some of the old ill-ventilated barns. The rarity of the disease in hospital practice was in 
contrast with the evidence presented by the farmers, and so it was decided to circularize the 
practitioners of the area, and much information was obtained from several of them. 

The cases reviewed here consist of six confirmed roentgenologically and six probable cases 
whose confirmation is roentgenologically inconclusive. The clinical picture is characterized by a 
nonspecific lung irritation which may follow exposure to moldy vegetable dusts of any type 
but which results mainly from contact with poor quality hay and grain. It may occur 
during stacking, baling, threshing, forking of hay for animal feeding, or sweeping out a 
barn in preparation for new grain or hay. Before the severe reaction, there may be minor 
bronchitic episodes after short contact, but a distinction must be drawn between true farmer’s 
lung and an asthmatic attack after exposure to moldy dust. 


The main features of the disease are breathlessness and cyanosis which develop within 
12 hours of exposure. The onset is sudden and may be associated with a rigor, vomiting, a 
dry cough, and a feeling of suffocation. Irritation of the eyes and nose commonly occurs 
after contact with the dust, but it is not a feature of the disease. The picture resembles 
that of a case of acute edema of the lungs, but there is no evidence of cardiac embarrassment. 
Widespread fine crepitations are found, but no localized area of consolidation is detected. 
pleurisy is not a feature. 

Clearing of the roentgenological picture and physical signs usually requires six to eight weeks. 
After the first two to three weeks the breathlessness becomes less distressing, but during this 
period loss of weight and night sweats occur. 


After three months the patient appears to be well, but there is a tendency for the condition 
to recur on reexposure, and there is some evidence to suggest that there is a predisposition 
to the development of some degree of emphysema and fibrosis. 

Treatment has little effect, and spontaneous clearing is observed in untreated cases. 

The author stresses the close similarity to coniosporiosis, byssinosis, and diffuse granuloma- 
tous pneumonitis and advances the theory that the condition is a nonspecific interstitial lung 


reaction to some material in the fungus-laden dust, rather than a true fungous infection of 
the lungs. 


Industrial Toxicology 


MANGANESE POISONING IN THE MINES OF CuBA. MANUEL GarcIA AvILA and RAFAEL 
PENALVER BALLINA, Indust. Med. 22:220 (May) 1953. 


The authors have examined 25 persons suffering from manganese poisoning due to ex- 


posure in connection with pneumatic-drill work. The chief findings were disturbances in gait 


and speech. No therapy has yet been effective. C. A. Cowsmen. Boston 


TeFLon—A Prastic WITH AN INHALATION Hazarp. H. E. Stokincer, Occup. Health 13:88 
(June) 1953. 


Teflon, a polymer of tetrafluoroethylene, is gaining wide use in industry and in laboratories 
because of its exceptional resistance to heat and chemicals. It can be machined by use of 
standard tools and is finding use as gasket material for jet engines and is also being used in 
radar and television. 


Exposures to this substance are of two types: (1) to teflon dust and (2) to teflon decomposi- 
tion products resulting from heating. 
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Finely divided teflon when inhaled acts to produce a condition resembling metal fume 
fever. The reaction may set in some hours after exposure and usually disappears within 24 
hours, with no after-effects. There is pain and aching in the muscles and joints, accompanied 
by chills and fever. The workers frequently complain of a sore nose and throat and a dry 
cough before the onset of the major symptoms. 

Teflon heated to about 360 F. gives off a fine sublimate believed to contain adsorbed HF. 
The amount of sublimate developed depends on the temperature and humidity of the atmosphere 
and on the movement of air over the surface of the heated teflon. This product can produce 
irritation of the nose and throat at once. . Prolonged exposure may cause serious injury to the 
lungs, resulting eventually in pulmonary edema. Consequently workers should be treated as 
for hydrogen fluoride exposure. 

Ventilation should be installed to maintain the atmospheric HF concentration at the accept- 
able standard of 3 ppm. For short term exposures or when adequate ventilation is not possible, 
workers should be provided with metal fume-type respirators. Replacement chest x-ray and 
freedom from respiratory infection should be assured. Mary O. Amour, Boston. 


SymproMATic PERNICIOUS ANEMIA IN CHRONIC CHROMIUM PorsonrinGc. H. and L. 
WEIssBECKER, Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:42 (March) 1953. 


The occurrence of hyperchromic anemia (12 gm. per 100 cc. hemoglobin, 2,500,000 erythro- 
cytes), leucopenia, reduced number of reticulocytes (2%), Hunter’s glossitis, histamine-refractory 
gastric anacidity, and paresthesia is reported in a workman who had been employed for 25 years 
in a tannery. His work consisted in sorting half-dry hides which were pretreated with basic 
chromium sulfate. 

Liver function tests did not reveal any impairment of the liver; the serum bilirubin was not 
increased. The sternal bone marrow showed typical megaloblasts. 

The patient had cachexia and islet-like surface defects in the oral cavity and in the 
esophagus which in the presence of large amounts of chromium in the saliva and in the urine 
presented the characteristic aspect of chronic chromium poisoning. 

The classic symptoms of pernicious anemia prompted the author to give the patient vitamin 
Buz and/or pteroylglutamic (folic) acid orally or parenterally, but the patient did not respond 
to this treatment. He then was given continued blood transfusions. Six months after the last 
blood transfusion, the blood counts had again become normal. The ulcers in the mouth 
and in the esophagus were cicatrized, the amounts of chromium in the urine and in the saliva 


were considerably reduced, but the cachexia and the atrophy of the lingual palillae remained 
unchanged. 


There are two possible explanations for the failure of vitamin Bis therapy in this patient. 
The synthesis of the thymonucleic acid from thymidine may have been disturbed directly by the 
chromium, or vitamin Biz may have been inactivated by the chromium as a result of its com- 
plex affinity. Further biochemical studies are required to clarify this problem, but there is no 
doubt that the chromium prevented the changes in the sternal marrow from being restored to 
normal by otherwise effective therapeutics. 


According to the old German compensation law for occupational diseases, workers were 
entitled only to compensation for bronchial carcinoma acquired by work in plants for the 
production of alkali chromates and chromic dyes. Consequently, a disease such as that re- 
ported in the authors’ case would not have been considered as an occupational disease in 
the sense of this law. Through a very recent decree, compensation, however, has been 
granted for damage caused by chromium in general. 


Medicine and Surgery 


Tue MuttipLe Uses or Processep TunG In INDUSTRIAL SuRGERY. M. M. SNELLING, 
Mississippi Doctor 30:397 (May) 1953. 


Although tung oil has been widely used in China for medicinal purposes, it seems to have 
been almost completely ignored by modern pharmacists. The tung oil used in the cases cited 
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in this paper was American tung oil, specially processed to render it sterile as well as to 
permit medical use of the raw oil. 

During the past nine months Snelling used processed tung oil in treating a total of 682 
industrial injuries and in 81 other cases. 

In 56 patients with simple lacerations or abrasions not severe enough to require sutures, 
the lesion was cleaned and tung oil was applied. Three days later, the lesion was inspected, 
and these workers did not lose time from work. In 157 patients whose lacerations were 
sufficiently severe to require sutures, tung oil was instilled after cleansing and before suturing. 
The sutures were removed six to eight days later, and these patients lost an average of less 
than half a day of working time. In 48 patients with severe trauma, oil was poured into 
the wounds after cleansing, and splints were applied. Oil was poured on the laceration every 
day for four days and then every second to third day. Usually in two to four weeks the in- 
juries were well healed. These patients averaged 9 days in loss of time, compared with 16 
days previously required in such cases. In 72 patients there were severe traumas, with or 
without small fractures and every one with macerated tissue. A cleansing and moderate 
débridement was done, then oil was poured in, and an aluminum and plaster of paris splint 
with a window was applied. The oil was poured in at first every day and later at longer inter- 
vals. These patients lost an average of 21 days from work, compared with from 34 to 40 
days with the previous therapeutic methods. 

In 43 patients with small fractures the oil was massaged into the injured area, and a light 
splint was applied. Sufficient healing to permit return to work was obtained in an average 
of 11 days, as compared with 20 days formerly. 

Tung oil proved helpful also in patients with sacroiliac strains, chronic ulcers, old sinuses, 
burns, puncture wounds, and abscesses with cellulitis and lymphangitis. 

The nonindustrial lesions in which tung oil was used involved chiefly removal of old 
scars, moles, and cysts and the taking of specimens for biopsy. 

The author believes that the processed tung oil promoted healing and prevented secondary 
infection. In severe burns, the oil can be applied without causing stinging pain. 


The author feels that the number of man-hours saved represents the saving of several 
thousand dollars. 


Environmental Conditions 


TOXICOLOGICAL PERSPECTIVE IN PLANNING AIR PoLLUTION StupriEs. H. E. Stokincer, Am. 
J. Pub. Health 43:742 (June) 1953. 


This is an excellent presentation of what toxicology can offer toward studies of air pol- 
lution so that such efforts may be better directed. 

First, the lessons to be learned from past disasters and chronic episodes are discussed. In 
the case of the Meuse Valley (1930), the identity of the agents responsible for the fatalities 
and injuries was never conclusively determined, though there was reason for admitting the 
role of irritant gases. Even though more modern methods were available at Donora in 1948, 
much the same conclusion was reached, only in this case it was a “combined action,” with 
emphasis again being placed on sulfur dioxide. In both cases, there was little evidence that 
the concentrations of toxic agents had risen to really high concentrations. 

It becomes therefore necessary to seek an explanation of why widespread injury occurs in 
such incidents at concentrations below those known to produce such effects normally. One 
explanation suggested is that the death of persons with cardiac or respiratory disease may be 
hastened by minimal exposure to no more specific agents than the irritant gases. Additional 
explanations may be found in the interaction of various agents in the smog. 

The incidence of several cases of chronic beryllium poisoning resulting from the pollution 
of the air with traces of beryllium is cited as a demonstration that air pollutants can have 
chronic effects on health. 

The chemical nature of air pollution is discussed. The uniformity of concentrations of pol- 
lutants in three cities is cited, and the suggestion is made that if such uniformity is further 
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substantiated it may simplify investigational work. The relationship of residential, semi-indus- 
trial, and industrial areas to pollution is discussed. 


Specific air pollutants, such as metallic elements, organic compounds, sulfur dioxide, hydrogen 
fluoride and fluorine, nitrogen dioxide, hydrogen sulfide, arsenic, and arsine, are discussed. 

The variables which must be considered as influencing the response of persons to smog are 
many. Five main ones are cited as follows: (1) group susceptibility; (2) population density 
and movement; (3) habits of living; (4) climatic factors, and (5) topography. It is pointed 


out that all these variables must be considered if a health study is to have a reasonable 
hope of success. : : 


The paper ends on the hopeful note that perhaps before answers to these questions have been 
obtained engineering controls will have progressed to such a point that there will be little if any 


Mary Boston. 


problem. 


Tue or Noise IN INpDUstRY—URGENT, FRAUGHT WiTH Dancer. C. RICHARD 
Wacner, Industrial Med. 22:202 (May) 1953. 


The problem of industrial noise has become of concern to physicians, engineers, and 
lawyers; yet it is management that needs to be warned of the increasing problem. Already 
claims are rising against companies for the loss of hearing due to occupational causes. 

The problem of industrial noise involves the differentiation of occupational loss of hearing 
and that resulting from normal aging processes, the measurement of various functions, such as 
frequency, intensity, and duration, and the evaluation of their relative importance as well as 
their various legal aspects. 

The Industrial Hygiene Foundation is acting as a coordinating agency in a comprehensive 
program for providing information about control measures. Other national organizations, such 
as the American Medical Association, are contributing to research in the area. 


C. A. Cowarptn, Boston. 


RECENT DEVELOPMENTS AND ProGREss IN Arr Potitution. A. D. Branpt, Paper, American 
Society of Mechanical Engineers, November-December, 1952. 


The effects of atmospheric pollution are divided into five groups: nuisance, economic, effect 
on health, effect on vegetation, and effect on animals, and each group is commented upon. 
Measurement and analysis of pollution and the effects of meteorology and topography upon 
pollution are considered. Control of air pollution by various means, i. e., substitution of prime 


movers, conversion of pollutant to a less obnoxious one, dust removal equipment, and flue-gas 


scrubbers, are discussed. ATMOSPHERE PoLLuTION BULLETIN [Indust. Hyg. Digest]. 


Determination of Air-Borne Contaminants 


HicH SPEED ABSORBER FOR DETERMINATION OF Toxic SUBSTANCES IN ArR. J. C. Gace, 
J. Scient. Instr. 29:409 (Dec.) 1952. 


A description and performance figures are given for an impingement absorber, with the 
jet modified so that the air entrains the absorbing liquid and an air-liquid mixture impinges on 
the base. This enables an air sampling rate of 5 to 10 liters per minute to be used and con- 
taminants with allowable concentrations of 5 mg. per cubic meter or less to be determined. 


ATMOSPHERE PoLLuTION BULLETIN, [Indust. Hyg. Digest]. 


Accidents and Their Prevention; Protective Equipment 
THe PHENOMENON OF ACCIDENT PRONENESS. A. G. ARpous and J. E. Kerricnu, Indust. Med. 
22:141 (April) 1953. 


The concept of “accident proneness” was first formulated when it was found that in 
most groups of workers a small minority was responsible for the majority of the accidents. 
However, a survey of the literature on the subject shows that a clear definition of the term 
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is lacking. A clear conception of what is meant by the term accident proneness can be gained 
only by a careful study of the existing knowledge in the area and of the methods by which that 
knowledge has been acquired. 

Accident proneness implies the possession of certain qualities which can be shown to in- 
crease the liability to accidents. If such qualities exist, they can be discovered only by ascertain- 
ing the validity of tests used to predict accident proneness in a group. The difficulties en- 
countered here are in selecting experimental and control groups, in defining the events to be 
considered accidents, in the inconsistency of accident reports as a measure of accident prone- 
ness, and in the inadequacy of existing statistical methods for dealing with type of data ob- 
tained. It must also be realized that the term accident proneness is coming to have a clinical 
rather than a statistical meaning. In its clinical sense it is part of the approach which places 
emphasis on the worker as a specific personality rather than as a statistical entity. 


C. A. Cowarptn, Boston. 


ACCIDENTS AND ACCIDENT PREVENTION IN AUSTRALIAN INDUsTRY. A. L. BRENTWoop, Occup. 
Safety and Health 3:3 (Jan.-March) 1953. 


The increase in industrialization in Australia has resulted in an increase in the number 
of accidents and occupational diseases. Although it is difficult to obtain reliable statistics, 
the available information indicates that the incidence of accidents in Australian industry is high 
compared with that in other countries. 

In order to understand the specific problem of accident prevention in Australia, it is neces- 
sary to take into consideration the nature of industry in the country and the character of the 
governmental labor administration. The industry in this country is almost entirely con- 
centrated in a few large cities, but the majority of the factories are small and therefore 
not suited to the types of safety organizations found in the United States and elsewhere. The 
constitution of the country does not provide for federal control of such matters in industry, 
and consequently safety provisions lack uniformity from state to state. 

The initiation of work on a number of national safety standards, the formation of industrial 
safety research groups, and the introduction of special safety training courses shows a trend 


toward improvement of present conditions. Kk 


SaFETY AND HEALTH IN THE SuGAR-CANE INpuUsTRY IN CuBa. I. T. CABRERA, Occup. Safety 
and Health 3:13 (Jan.-March) 1953. 


The author outlines the main sources of accidents at the different stages of sugar refining. 
The specific hazards encountered in the manufacturing processes usually involve unguarded 
machinery. Mechanical failure, especialiy in the centrifugation of the sugar, is also a source 
of injury. Some accidents occur on the railways operated by the sugar mills, but these are 
not specific to the industry. 

A planned program should be instigated to educate workers in safety. Guards designed 
to protect both operators and repairmen should be required for machinery. The cooperation of 
management must be gained by showing that safety pays for itself. 


C. A. Cowarptn, Boston. 


Liguip Arr FOR CASUALTIES IN MINES: THE East MIDLAND Lire SusTAINerR. A. J. G. 
CouLsHED AND J. T. Watkins, Lancet 1:1,226 (June 20) 1953. 


In mine rescue work the rescuers are often unable to evacuate all the casualties immediately 
from the danger zone where the air is toxic or irrespirable. When removal is practicable, 
they are likely to select the men who still show signs of life, leaving the others though these 
too might sometimes be saved by immediate resuscitation. Also, it is sometimes necessary 
for the rescuers to ignore injuries and to immediately evacuate men who would benefit from 
preliminary first aid. 
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The equipment to counteract exposure to irrespirable atmosphere should be easy to apply 
and to carry, since those who have to use it will already be weighed down by apparatus for 
their own protection. 


The apparatus in general use consists of cylinders of carbogen (93% oxygen, 7% carbon 
dioxide) fitted with suitable breathing masks. But even the smaller pattern of this type weighs 
32 Ib. (14.5 kg.), and the carbogen supply lasts only 20 minutes. 

The East Midland Life Sustainer which uses liquid air weighs only 16 lb. (7.3 kg.) and 
gives protection for two hours. The simple design of this apparatus is described, and its ad- 
vantages are emphasized. By the use of a divided feed tube leading to more than one oronasal 
mask, more than one person can be protected at the same time from the same “Life Sustainer.” 


After being supplied with air in this way, an injured man can have splints applied or be given 
other simple first aid. 


Radioactive Substances and X-Ray 


RapiaTion InjJuRIES FROM X-Ray APPARATUS PREVENTABLE. JAN LieBEN, Connecticut 
Health Bull. 67:149 (June) 1953. 


The high incidence of radiation damage among those who work with x-ray equipment is 
largely the result of carelessness. The author finds that injuries from radiation are not limited 
to those professional men and women who received their training many years ago and who 
might consequently have forgotten their earlier training. On the contrary, many who have 
only recently had instruction in the proper use of such equipment are among those who suffer 
radiation damage simply because of their caréless disregard of precautions. 

The cumulative effect of excessive exposure to radiation causes dermatitis, skin cancer, 
leukemia, and other blood changes. Since the effects of radiation are cumulative, these 
conditions may take years to develop. In order to avoid injury, exposure to radiation must 
be kept at a minimum. “The three basic principles of protection from radiation are shielding, 
time, distance.” X-ray equipment should be installed in such a way that the operator can stand 
as far as possible from the tube and be shielded preferably by a lead-screened wall. A periodical 


check on technique can be made by the use of special film badges indicating the amount of 
radiation to which the wearer has been exposed over a given time interval. 


C. A. Cowarptn, Boston. 


News and Comment 


MEDICAL RESEARCH FELLOWSHIPS 


The Division of Medical Sciences of the National Research Council is accepting applications 
for postdoctoral research fellowships for 1954-1955. These awards are designed to offer research 
experience for promising persons who look forward to investigative careers, and not to provide 
practical experience in the clinical field. Ordinarily Fellowships are not granted to persons 
over 35 years of age. The following programs are announced. 

Fellowships in Cancer Research are awarded by the American Cancer Society on recom- 
mendation of the Committee on Growth of the Division of Medical Sciences. Awards are 
available for study in all branches of the biological, chemical, and physical sciences and of 
clinical investigation applicable to the study of growth, typical or malignant. Citizens of the 
United States are eligible. 

British-American Exchange Fellowships in Cancer Research also are awarded by the Amer- 
ican Cancer Society upon recommendation by the Committee on Growth. They are offered to 
citizens of the United States for advanced study in Great Britain in specialized fields pertaining 
to the problem of cancer. Similar fellowships are awarded by the British Empire Cancer 
Campaign to young British scientists for research in the United States. 

Fellowships in the Medical Sciences supported by The Rockefeller Foundation and by The 
Lilly Research Laboratories are administered by the Medical Fellowship Board of the Division. 
Fellows are expected to devote themselves to research in the basic medical sciences. The 
Rockefeller Fellowships are open to citizens of the United States and Canada; the Lilly 
Fellowships are open to citizens of the United States only. 


Fellowships in Tuberculosis are also administered by the Medical Fellowship Board under 
a grant from the National Tuberculosis Association. These awards are designed to promote 
the development of investigators in fields related to tuberculosis. They are open to citizens 
of the United States who are graduates of American schools. 

Fellowships in Radiological Research are administered by the Division’s Committee on 
Radiology for the James Picker Foundation. The Foundation has expressed particular interest 
in the support of candidates who propose to carry on research oriented toward the diagnostic 
aspects of radiology. Appointments are not limited to citizens of the United States. 

Applications for 1954-1955 under any of these programs must be postmarked on or before 
Dec. 10, 1953. Fellowships are awarded in the late winter or early spring. Complete details 
and application blanks may be obtained from the Fellowship Office, National Research Council, 
2101 Constitution Ave., N. W., Washington 25, D. C. 
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Books 


Report of Results of Sampling the Atmosphere in the Detroit River Area During 
1951. By George D. Clayton and Paul M. Giever, with the assistance of Rosedith Sit- 
greaves, Hugh P. Brinton, and William Gafafer. Pp. 55, with 2 appendices, 24 tables, and 
75 illustrations. International Joint Commission, Technical Advisory Board on Air Pollu- 
tion, U. S. Section. 


This report describes the objectives, the operational procedures, and the environmental 
findings for the United States side in the Detroit-Windsor area for the year 1951. The air 
contaminants investigated were total particulate matter (including the spectrographic semi- 
quantitative determination of 24 metals, dust counts, and particle-size determinations), sulfur 
dioxide, chlorides, and fluorides. Samples of particulate matter were collected by high-volume 
samplers continuously during May and June. Sulfur dioxide concentrations were determined 
with two Thomas autometers for one- to two-week periods at each station in rotation from 
May through April, 1952. Fluorides and chlorides were collected by standard impinger. The 
methods used for the analyses are described in detail. Many tables and charts of the findings 
and detailed maps of the 28 census tracts composing the 31 sampling stations are given. 

The data revealed that most particulate matter loadings were between 0.1 and 0.35 mg. per 
cubic meter of air and that the loading at each station followed very closely the trend for the 
average particulate matter loading of all stations. Loadings of particulate matter were above 
average when the wind was from the southwest, and they were lowest when the wind was from 
the northeast. The average dust count by light-field techniques was 0.7 mpp ft.* No relation- 
ship between total weight and dust count was observed. The mean particle size of the dust 
was 0.94 


Aluminum, iron, silicon, and calcium, with median values of 2.7, 2.4, 2.4, and 2.1 ¥/m%, 
predominated in the suspended matter. All other metals varied from 0.002 to 0.7 y/m.3_ Fluorides 
and chlorides varied from 2.65 to 7.35 y/m.* when collected by impinger. These values were 
roughly seven times greater than the values for fluoride and chloride when the determinations 
were made from the particulate matter collected by the high-volume samplers. The differences 
are assumed to be caused by the presence of gaseous fluoride and chloride compounds in the 
atmosphere. Sulfur dioxide concentrations were generally (70% of the total number of samples) 
below 0.10 ppm, and they were generally highest during the heating season. In high-pollution 
areas, higher concentrations of sulfur dioxide occurred in the morning hours (7:00 a. m. to 
9:00 a. m.) during the winter season and in the evening (7:00 p. m. to 10:00 p. m.) during 
the summer season. No relationship between cyclic weekly industrial activity and SOz concen- 
trations could be determined. The highest concentrations occurred on week ends (Friday, 
Saturday, or Sunday). The conclusion drawn was that no contaminant can be isolated as an 
index of total pollution in the area. 

This report is an excellent example of the planning and the vast amount of work required 
for the investigation of community air-pollution problems. Although a great amount of ana- 
lytical work is recorded, the data are incomplete because of the inability to carry out simul- 
taneous continuous studies of particulate matter and gaseous contaminants or even to follow 
one contaminant continuously during the entire period. It appears that the equipment and 
facilities available were inadequate for the continuous investigation of a number of pollutants at 
the great number (31) of sampling stations employed. Important contaminants, such as carbon 
monoxide, aldehydes, oxides of nitrogen, peroxides, and ozone, were not determined. However, 
the data are extremely valuable for screening purposes in determining the future course to be 
followed. The particulate matter data which are the major contribution of this report will 
prove particularly useful for comparison with other communities. The limitations of the semi- 
quantitative spectrographic method, however, must be borne in mind in interpreting these 


findings for comparative purposes. Cuctax 
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Toxicity of Industrial Organic Solvents. By Ethel Browning. Price, 1 pound, 15 shillings. 
Revised edition. Pp. 411. Her Majesty’s Stationery Office, York House, Kingsway, London 
W.C. 2, England, 1952. 


This volume is a revision of Report 80 of the Medical Research Council, Industrial Health 
Board, originally published in 1937 and long out of print. It is a thorough revision, being 
entirely reset in a new type face. Approximately 40% of the extensive list of references have 
appeared since the first edition, and almost 30% of the solvents discussed were not mentioned 
in the earlier version. 

The book is a compendium of the literature upon 126 volatile organic compounds. It is 
confined to materials in quantity which are employed chiefly as solvents. The literature coverage 
is excellent and international, but no attempt at critical review has been made. Included is 
mention of British experience reported to the Factory Department of the Home Office which 
is not readily available elsewhere. 

Arrangement is uniform, with properties and uses being placed first. A brief summary of 
toxic effects stands by itself, followed by a statement upon maximum permissible concentration. 
Then comes a detailed discussion of effects upon animals and finally a discussion of experience 
with exposed humans. 

The book will be indispensable to a large number of persons who are responsible for forming 
opinions upon the toxicity of solvents and justifying the opinions. 

Henry F. Smytu, Jr. 
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SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking in this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
and teacher, as well as the father of a family, Dr. Rice is well 
equipped to deal with this dificult subject properly and helpfully. 


THOSE FIRST SEX QUES- 
TIONS 


For the parents of very young 
children. Answers to the grop- 
ing questions of the littlest 
ones. 40 pages. 25 cents. 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
human parents. 36 pages. 25 
cents. 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
morrow. 44 pages. 25 cents. 


IN TRAINING 

For boys of high school age, 
interpreting their adolescent 
development in terms of ath- 
letic and other achievements. 
50 pages. 25 cents. 


THE AGE OF ROMANCE 


For young men and women 
dealing with the problem as 
a unit for both sexes. 44 
pages. 25 cents. 


25¢ each 
Set of five 
in file case, $1.25 


@ FOR ADULT READING 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold E. Jones and Katherine 

Read. 12 pages. 15 cents. 

SEX EDUCATION FOR THE TEN 
YEAR OLD 


By Marjorie Bolles. 12 pages. 15 cents. 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages. 
15 cents. 


SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 


By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 
By Howard Dittrick. 29 pages. 20 cents. 


SEX EDUCATION FOR THE ADO- 
LESCENT 


By George W. Corner and Carney 
Landis. 20 pages. 15 cents. 


HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 15 cents. 


Al THE FACTS ABOUT SEX 
SO. By Audrey MeXeever. To be read by 
parents or children. 16 pages. 20 cents. 


ANSWERS TO PRACTICAL QUESTIONS 


ON MENSTRUATION 
By Margaret Bell. & pages. 15 cents. 


Quantity prices 


quoted on request 
THE WORD YOU CAN'T SAY (MAS.- 
TURBATION) 


By Hannah Lees. 8 pages. 15 cents. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Ill. 


4 
RN 
f 
a 


Parenteral administration of Luminal Sodium promptly tones down nervous sys- 
tem excitement. Whether manifested as convulsions, psychic agitation, or perni- 
cious vomiting, nervous overactivity is controlled profoundly and for prolonged 
periods with Luminal Sodium in adult doses of from 2 to 5 grains. 


LUMINAL SODIUM is supplied in... 
Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, for subcuta- 
neous or intramuscular injection; 


Powder, ampuls of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), boxes of 
5, 25 and 100, for subcutaneous, intramuscular and (exceptionally) 
intravenous injection; 


Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm. «5 grains), boxes of 
5 and 100, for intramuscular injection only, 


Serrated ampuls. The constricted neck of Luminal Sodium powder 
ampuls is serrated for easy and clean opening. In making the file cut 
only moderate pressure is required. 


LUMINAL 
The Paneer Baand yf Phenobarbital clodlum 


BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


Luminal, trademark reg. U. S. & Canada 


| | Oye 
Sle 
ow 

ne 


